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REFINING VEGETABLE AND ANIMAL OILS.* 


BY 
CHARLES BASKERVILLE, Ph.D., F.C.S., 


Professor of Chemistry and Director of the Laboratory, College of the City of New York. 
Member of the Institute. 

THE terms “ fat” and “ wax” are commonly applied, more 
or less indiscriminately, to solid substances which have a greasy 
feeling to the touch and do not dissolve in water. Physically, 
waxes are regarded as having generally a harder consistency than 
fats. Chemically, fats are usually compounds of the trihydric 
alcohol, glycerol, C,H,;(OQH),; while the waxes are compounds 
of monohydric alcohols of large molecular weight; for example, 
cetyl alcohol, C,,H;,Q0H; myristic alcohol, and 
cholesterol, C,;H,,OH. The names applied to some of these sub- 
stances do not lessen the confusion; for example, ‘ wool fat ”’ and 
* spermaceti ” are compounds of cholesterol and cetyl alcohol, 
hence are in reality waxes; while “ Japan wax,” a compound of 
glycerol, is actually a fat. 

A fat, such as is indicated above, has among other physical 
properties a characteristic melting-point. Those which are liquid 
at ordinary temperatures are called oils. It is of such substances 
more especially that this communication deals with, although 
reference will be made to cocoanut oil, which may or may not be a 
solid at ordinary temperatures, therefore technically might be 
regarded as a fat. 

* Presented at a meeting of the Section of Physics and Chemistry held 
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It will be understood that the term “ oil,” as here used, is not 
to be associated with the natural or petroleum oils, ¢.e., hydro- 
carbon oils, or the essential oils, both classes of which in generai 
exhibit in a way the physical but not the chemical properties, 
necessarily, referred to above. 

Fats are widely distributed in the vegetable and animal king- 
doms, and, referring to the former only for the time being, we may 
say they are primarily glycerides of oleic, palmitic, and stearic 
acids. These fats are found mainly, but not necessarily, in the 
reproductive bodies, such as spores and seeds. ‘They are found in 
spores, sexual and asexual, of many alge. In angiosperms they 
are widely distributed, replacing, wholly or in part, carbohydrates 
as reserve food material, and they are often associated with protein 
reserves; for example, in the seed from which colza oil, palm oil, 
cotton-seed oil, linseed oil, olive oil, and cocoa butter are obtained. 
It is present, perhaps, as a reserve food material, associated with 
starch, in some tubers. The starch in the parenchyma of the stem 
of certain plants may be converted into fat during the winter’s 
cold, and vice versa, when there is a rise of temperature in the 
summer time. Without venturing into the misty etiology in- 
volved, we may, for our purposes, realize the likelihood of the 
presence of carbohydrates, proteins, and other substances derived 
therefrom, as gums, etc., in oils obtained from these sources by 
the various means to be referred to later. 

These oil-containing bodies invariably contain some coloring 
matter. Some of the coloring matters appear to be essential for 
certain of the changes just referred to. The most prominent 
pigment appears to be chlorophyll, an ester of tricarboxylic acid, 
chlorophyllin, C.,H,)»N,Mg(COOH ),, and is the normal green 
coloring matter of plants. It may easily be broken down into 
substances that contain magnesium and substances that do not 
contain that metal. 

Accompanying the chlorophyll are several pigments more or 
less insoluble in the cell sap; namely, carotin (C,,H;,), yellow to 
red in color, and xanthophyll (C,,H,;,O.), a neutral body, vellow 
to orange in transmitted light. These substances may be destroyed 
by the action of such powerful chemical agents as concentrated 
sulphuric acid, especially if heated in the presence of oxygen. 

Closely related to the fats is a group of substances known as 
phosphatides or lecithins. Occurring in egg-yolk to about 9 per 
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cent., we find them to the extent of from 0.25 to 1.75 per cent. in 
cereals and leguminous seeds, hence they appear in the oils 
extracted from the seed. They are glycerol esters, two of the 
acidities being neutralized by fatty acids, the third being saturated 
by a combination of phosphoric acid and choline, as shown here. 


C 


CH 
C H, OP.O.OH.O. C;H,,N, OH 


It is easily broken up by lipase, and hydrolyzed by boiling with 
alkalies and acids. 

We always also find a small quantity of unsaponifiable residue 
in fats, which is in the main composed of the monohydric alcohols, 
cholesterol, C,;H,,QH, and phytosterol, the latter now being a 
generic term for a group of allied substances, with formulas vary- 
ing from C,;H,,OH (sitosterol) to C,,H,,;QOH (stigmosterol). 
Cholesterol occurs in the bile, brain, and blood of animals, and is 
the chief alcohol constituent of wool-fat. All vegetable fats 
contain phytosterol, the amount varying from 0.1 to 0.3 per cent., 
being even higher in the oil obtained from certain peas and beans, 
especially Calabar beans. 

The oils are extracted by disintegration of the mass involving 
a disruption of the oil-sacs: (a) with a suitable solvent; (b) 
rendering by heat, with or without water; (c) or pressure, 
mechanical, applied when the mass is cold or hot. 

If the mass extracted be selected and perfectly clean and fresh, 
the oil or fat obtained is usually neutral and “ sweet.” The 
exigencies of commercial operation do not admit of these condi- 
tions, however, so the oil or fat produced is usually acid and more 
or less contaminated. The contaminations may be quite normal 
and natural. They may be bacterial in nature and also contain the 
very interesting substances known as enzymes (lipase, for ex- 
ample) which induce hydrolysis; that is to say, they will cause 
any water present to disintegrate the fats (and other bodies) into 
simpler bodies. This may be facilitated by exposure to air and 
light, so that a freshly-expressed oil that is sweet may soon acquire 
an unpleasant taste and odor. In some cases we say it becomes 
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rancid, but in all cases the oil develops acidity, and the amount of 
the acidity of a particular oil is a function of time. 

Under favorable conditions—and they are usually favorable— 
these changes take place within the oil-containing bodies, so that 
freshly-produced oil is usually acid, which acidity increases on 
keeping. The enzymes are “ killed,” or decomposed, or at least 
their directive activity ceases, when they have been exposed to a 
temperature of about 200° C. It has not been considered a good 
procedure by the practitioners of the art of oil extraction and 
refining, however, to heat the oil to such a temperature immedi- 
ately after its production; but I venture the opinion that the 
increased development of acidity in crude oil in storage or in 
transit to a refinery will be materially affected by such treatment. 
However, it will be necessary to be assured that substances charred 
or scorched at that temperature are absent. 

As mentioned above, oils and fats are primarily glycerides of 
the saturated palmitic (C,,H,.O0.) and stearic (C,,H,,O.) acids, 
associated with the fatty acids of several unsaturated series. For 
example: 

1. Oleic acid, C,,H,,O., type C, 

Linoleic acid, C,gH,.02, type C,Hon-4Ox. 
Linolenic acid, C,gH, type C, 
Clupanodonie acid, C,,H..O., type C,H.,-<Ox. 
Ricinoleic acid, type 


wm 


The last is an hydroxy acid, which undergoes a particular 
polymerization under suitable conditions. 

Most fatty oils, on exposure to the air, tend to thicken, due 
partly to oxidation and partly to polymerization, or both. Oils 
are, in fact, classified by many according to their drying qualities 
and tendency toward resinification. These properties play an 
important part in their utilization in the arts; and their treatment 
in refining is materially affected by the time which may have 
elapsed from actual production to their refining. For example, 
a freshly-produced linseed oil may be profitably refined by a 
process which is inapplicable if the oil be “ aged oil.” 

Oil, as stated, is normally a liquid, and we usually associate 
the phenomena of solution with a liquid. To be sure, this is a 
restricted conception, but will answer for our purposes. In this 
connection oil acts like water as a fluid. Water in motion carries 
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fine particles suspended through long distances and depcusits them 
in time, when fairly quiet, as we know from the formation of allu- 
vial soils. Water carries certain substances in solution. These latter 
substances are sometimes colored and are partly fixed on the filter 
when that water passes through certain filtering media. For in- 
stance, we are able to adsorb Congo red from a water solution with 
filter-paper. Again, water carries certain substances which do not 
stop on the filter; they are invisible and show themselves only when 
we apply the ultra-microscope. These finely-divided substances, 
not small enough to be in actual solution, will remain suspended in 
the water for long periods of time. They are called colloids. By 
various means, through heat, addition of an acid, an alkali, or a 
salt, by the influence of an electric current, or by the addition of 
other colloids, these very finely-divided substances may be caused 
to agglomerate; that is, they may be converted into particles of 
sufficient size to be separated from the fluid by means of a filter. 
Exactly the same is true of oils. Organic colloid solutions may 
be viscous; the liquid particles are suspended in a liquid medium. 

Many of the contaminating substances, referred to here in 
general, may be suspended in the oil, may be in solution in the oil, 
or may be in a colloidal condition in the oil. 

It will, therefore, be quite apparent that crude vegetable and 
animal oils contain a variety of impurities traceable to a great 
variety of causes. The character of the crude oil depends not only 
upon the kind and part of the vegetable (wood, nut, seed, etc.) 
and animal (fish, whale, etc.) used, but the quality of the raw 
material at the time of expressage or extraction (rusting, rotting, 
fermentation, sprouting, heating, etc.), the method followed, the 
care exercised in the process, and the conditions to which the oil 
is subjected prior to its refining. In many cases, in fact, we find 
metallic soaps present in the crude oil, which soaps have resulted 
from an interaction of decomposition products of the oil and the 
rendering vessels. 

No universal method for refining animal and vegetable oils is 
known. Your forbearance will not be taxed, however, even were 
it profitable, in discussing all the various proposals for fitting these 
oils best to the several purposes experience and practice have 
shown them to be applicable. A number of processes have been 
proposed, patented, or kept secret during the last 125 years. 
Around the knowledge and power of the practical oil-refiner not a 
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little mystery still obtains. Each individual oil presents its own 
problem, and even the same oil by name, obtained under different 
conditions, involves judgment, based on the knowledge of the 
chemistry involved, to secure the best and most economical results. 
Furthermore, the use to which the oil is to be put must be consid- 
ered; for example, one wants acid oil for some paints and neutral 
oils for foods. 

Some four general methods for refining oils have been and 
are being worked in practice. They are: 

1. Treatment with steam (plain or superheated) whereby 
some coagulation results and many odoriferous substances are 
driven off. This does not diminish the free fatty acid content of 
the oi so treated. 

2. Treatment with variable amounts of concentrated sulphuric 
acid (Gower, 1792) under determined conditions of heat and 
agitation with or without air. The oil contains certain substances 
which, when flocculated by the acid and temperature, fall down 
and mechanically (a term used in several recognized authoritative 
books) carry down other impurities. This process does not 
diminish the acid content of the oil so treated. 

3. Heating up under carefully-regulated temperature condi- 
tions with fullers’ earth, bone-black, etc., and filtering. This 
process also yields an acid oil. 

4. Adding caustic alkalies, or alkaline earths, of an amount and 
strength determined by laboratory experience (Barreswil, be- 
ginning nineteenth century), heating to the “ break,” settling and 
drawing off the oil, which floats upon the soap stock or * foots.”’ 
This was supposed to give a neutral oil, but not until it had been 
washed several times with water. 

Yet as late as last year a distinguished oil chemist, in a very 
interesting summary of the “ Contributions of the Chemist to the 
Cotton-seed Oil Industry,’’! said “the chemist . . . found 
that the quality of the oil followed the free fatty acid present.”’ 
An empirical formula has been worked out to show this relation- 
ship to the free fatty acid. The rule is: Multiply the f. f. a. by 
2 and add 4; that is, an oil showing 2 per cent. f. f. a. should give 
a shrinkage of 8 per cent. This is true only in a general way. 
I recently had a cotton-seed oil with 1.7 per cent. f. f. a., which 
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showed a shrinkage of 21 per cent. by the official method of the 
Cotton-seed Crushers’ Association. 

The writer quoted above further said ** the chemist’s greatest 
service to the industry has been in the refining of the oil . 

Wesson was here referring more especially to edible cotton- 
seed oil. In that connection, Lewkowitsch, the lamented Anglo- 
German specialist in oil chemistry and technology, has said: * 
‘“ No chemically-treated oil or fat can be looked upon as a product 
fit for human consumption.” I confess inability to comprehend 
this sharp distinction as to what is meant by a “ chemical.” 
Oxygen from a chromate is a chemical; oxygen of the air is not. 
Sulphuric acid is a chemical; caustic soda is not. It may be 
interjected here that certain statements transmitted by texts and 
sanctioned by law call for clarification and revision. No treat- 
ment of an oil or fat, which involves purification, rendering it 
palatable, agreeable to the sight, and avoids the introduction of 
constituents which may interfere with normal digestion should be 
forbidden. For fear of misunderstanding, it may be stated here 
that the method described below complies with all the most rigid 
laws of all nations and even the above-mentioned uneven dis- 
criminations. 

An oil that is acid is unsatisfactory as a food. Acid oils 
corrode the vessels and generate objectionable gaseous products 
when used as burning fluids. Acid oils corrode the bearings when 
used as lubricants; so it is desirable to have neutral oils for many 
purposes. Yet a neutral oil does not * cut ’’ into white lead, for 
example, so an acid oil is preferred as a paint vehicle; but Gardner 
has pointed out that the oil should not be too acid. 

I have been more concerned with neutral oils and their produc- 
tion, so shall confine my remarks to preparation of that class of 
substances. 

The present customary practice for refining vegetable oils 
referred to (the fourth mentioned above) depends upon neu- 
tralizing the free fatty acids in the crude oil usually by agitating 
the oil with an aqueous solution of an alkali, the strength and the 
amount having been previously determined by laboratory tests, 
agreed upon as a standard, and then heating the mixture during 
agitation to a suitable temperature until the oil “breaks.” The 
mass is then allowed to stand until the “ foots ”’ settle to the bottom 
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of the kettle, when the supernatant oil is drawn off by means of a 
swivel siphon. \ccording to the process of Chisholm, sodium 
silicate is added to facilitate the settling. Invariably some “ dreg ” 
floats on top of the oil. If this be very great its settling is some- 
times facilitated by throwing salt on top of the oil in the kettle. 
The salt drags down some of the floating “dreg.”” In any event, 
the oil drawn off is clouded, perhaps on account of the presence 
of some dissolved soap or globulated moisture or suspended matter 
—all doubtless colloidal in nature. This oil is then * brightened ” 
after drawing off by throwing in small amounts of fullers’ earth, 
heating again, and passing through a filter-press. Sometimes, 
previous to this treatment with fullers’ earth, the decanted oil is 
heated to 160° to 180° F. in a settling tank to cause the * foots ”’ 
remaining in the oil to rise to the top, when it is skimmed off. 

The time factor in settling (six to twelve hours) of the 
‘foots ’’ materially affects the completeness of the separation 
referred to above. Cocoanut oil sometimes requires forty-eight 
hours to settle. In any event, the * foots ” is wet with oil. The 
“ foots ” also entrains oil. Consequently during the rush season 
the efficiency of vield of refined oil must be sacrificed for speed and 
quantity refined. In other words, the more speed in refining, the 
more loss of refined oil, whatever the analysis, upon which pur- 
chase and sale are based, may indicate. 

A process which would reduce the amount of o1] entrained in 
the “ foots’ to a minimum, thus increasing the vield of refined 
oil, and one which would not be dependent upon the slow sub- 
sidence of the * foots” (that is, admit of rapid separation with 
consequent increase in capacity of a refinery), therefore, seemed 
to me not only to be desirable, but, 1f secured, would approximate 
the highest efficiency one might hope for in such an industrial 
operation. 

I have succeeded in working out such a process, and shall now 
proceed to describe the principles involved and at the same time 
demonstrate it to you as an analytical method. I have pleasure 
in exhibiting to you samples of the crude and refined (by my 
method) oils from a variety of sources. 

The technical laboratory tests with batches of twelve to twenty 
pounds have been verified in the factory on a commercial scale. 
Some of the samples exhibited are from factory runs. 

The aims to be accomplished are: 
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1. To reduce the amount of oil entrained in the “ foots,” thus 
increasing the yield of * whole oil.” 

2. To reduce the time of contact of the excess alkali (necessary 
for the * break ” and to secure the best * color ’’) to the minimum. 

3. A technological corollary calls for the utilization of any 
by-products. 

It is to be assumed that all oils, good, bad, and indifferent, are 
to be treated. However, this may not be necessary, as in some 
cases only the good, and perhaps the indifferent, oils are refined 
under the old practice at some places. Certain foreign markets 
call for a highly-colored oil, so they do not present the problem of 
bleaching. 

In my investigations, lasting through several years, I have 
taken various kinds of crude vegetable oils from various kinds of 
sources with various (extreme) conditions and refined them. In 
many cases | have been told that no attempt would ordinarily be 
made to refine a particular oil, as it should be sent to the soap- 
kettle, the corresponding price only being expected. Such oils 
would have represented much better values if they could have been 
refined by the usual practice. These oils in every case have 
yielded to my process, have been refined, and with a saving over 
the old processes. I may say, however, that China wood (tung) 
oil, castor oil, and aged linseed oil cannot be economically refined 
by the process. I wish also to repeat that I am referring to the 
production of neutral refined oils only. 

li we can get the “ foots ” into such a condition that it may be 
filtered and then squeezed, we may reduce the amount of “ whole 
oil” entrained. 

If we can do this immediately after the “* break’ and while 
the oil is still hot, we shall be able to reduce the time the “* whole 
oil” is exposed to the saponifying action of the excess alkali neces- 
sary to secure proper color, avoid the present practice of necessary 
“ cleaning,’ and the second heating. 

I have called your attention to the presence of bodies, which in 
general terms are called colloids, in oils. These colloids may or 
may not be colored; may or may not make the oil turbid. I have 
also shown that some colloids may be and are coagulated by heat, 
some by acids, some by alkalies, some by salts or electrolytes, and in 
time will settle out. Colloids that have been coagulated or lumped 
may be filtered out. Some coagulated colloids in their formation 
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adsorb coloring matter. ‘he problem of economical filtration on 
the large scale necessary was one of great difficulty; in fact, so 
far as | am aware, it was unsolved previous to my investigation. 
Suitably-prepared cellulose fibre will adsorb some coloring matter. 
It will bring about an agglomeration of the material precipitated 
from oils by treating the oil with alkalies and heating, and it will 
bind the particles together so that they may lose their somewhat 
slimy character and then may be easily filtered away from the oil 
in which they were produced. Short-fibred “ linters”’ or “de- 
lint” is a suitable form of cellulose for some oils. 

Therefore I add cellulose, suitably prepared, along with the 
caustic to the oil tobe refined. The “ break ” takes place normally 
on heating as in the ordinary process, but the precipitated mass is 
in such a physical condition that it may be separated from the oil 
immediately by filtration. 

As mentioned above, some colloids, perhaps colored, are 
thrown down by salts, so in certain cases some salt (1 per cent. 
of sodium chloride) may be added. If there be a slight excess of 
water present, the sodium chloride serves also to “salt out” any 
soap in that water. The addition of salt, however, is not necessary 
in all cases. 

I have also discovered that the tendency of the soaps formed 
by the caustic-alkali treatment to emulsify with the oil, or so to 
distribute themselves through the oil as to render their separation 
difficult, may be overcome by subjecting the oil, at a suitable 
stage of the treatment, to the action of an anhydrous salt which is 
capable of taking up water of crystallization, the perferred salt 
being dry sodium carbonate (soda ash), which, as is well known, is 
capable of taking up one, seven, or ten molecules of water of 
crystallization, according to temperature conditions. By such 
treatment the soaps which have already been formed by the treat- 
ment with caustic alkali, and which have become so incorporated 
with the oil as to be incapable of complete separation by ordinary 
filtration, are hardened or pectised, presumably by dehydration, 
and are so modified that they are readily separated by simple 
filtration. Sodium sulphate, which acts in the same way, may be 
used instead of soda ash. 

The process is carried out by adding ordinarily 2 per cent. of 
prepared cellulose (less than 1 per cent. real cellulose) and a 
suitable amount of caustic soda (usually much stronger but 
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actually less in amount than is commonly used). The whole is 
thoroughly basted by mechanical means and then heated to 45° to 
65° C. to produce the “ break”; a determined amount of soda 
ash is added, after which it is filtered. At first some soap may 
pass through the filter-cloths. In that event, the first filtered oil 
may be run directly back into the refining kettle and pumped 
through the press until the oil is “ bright.’ This usually occurs 
within a few minutes; in fact, the speed of filtration is directly 
dependent upon the speed of the pumps. This re-filtration also im- 
proves the color. This oil is neutral and can be deodorized and 
bleached, or both at once, or may be stored safely. If linters is 
used, 14 to % per cent. of the dry cellulose is added. 

These ideas are covered by four United States patents granted, 
Nos. 1,105,743, 1,105,744, 1,114,095, 1,130,698, and others 
applied for. 

The danger of making a whole kettle into soap stock through 
failure of the refiner to be “ on the job’ is reduced to a minimum, 
as in several thousand trials this has not occurred, the trials being 
made by different people with various grades of oils of different 
character. In other words, the process is near “ fool-proof.” 
Any man of fair intelligence can operate the process, and the air 
of mystery surrounding the professional refiner is dissipated. 
The superintendent has a double check on the refinery by weighing 
the finished oil and cake. The daily reports when summed up 
should coincide with the annual inventory. I have known of 
cases where as much as 100,000 pounds of oil have failed to appear 
in the annual inventory, but were reported daily and had to be 
charged up to profit and loss at the end of the fiscal vear when the 
operation was under the usual process. 

The following curves have been prepared from a series of 
cotton-seed oils very variable in character (Fig. 1). The second 
chart (Fig. 2) shows the comparative losses with several other 
oils. ‘They show the comparative losses by the normal present 
practice and my process. 

I have also been able to secure a further 1 to 3 per cent. saving 
by subjecting the “cake” to hydraulic pressure. This extra 
saving is not shown in the charts. 

The process is very rapid, the controlling factor being filter- 
press capacity. A study of plate filter-presses has indicated a 
preference for a centre-feed press making 112- to 2-inch cakes. 
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The filter-press problem in connection with the process is not one 
of filtering area, but cake capacity. Presses, as the Kelly or Sweet- 
land, which are dumped mechanically, meet the conditions better 
than plate presses. A new Sweetland press recently devised for 
this process promises the best results. It is provided with bottom 
exits for the refined oil, and the under bivalve swings through an 
arc of 165 degrees. Monel metal filter-cloth makes the machine 
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practically permanent. By a slight increase in filter-press capacity 
the output of a refinery may be doubled or even tripled. 


UTILIZATION OF BY-PRODUCT. 

The cake may be converted directly into soap, the cellulose 
becoming very finely comminuted. It is partially mercerized, 
partly converted into a colloid, and some of it forms an unobjec- 
tionable filler for some grades of soap, especially soap powders. 

The cake may be “cut” with acid directly. The cellulose 
settles quickly in the aqueous layer from the black grease, which 
latter may be drawn off ready for market or use. When the cake 
is to be * cut,”’ in order to reduce the amount of acid necessary, I 
prefer to use salt cake in place of soda ash as the ** agglomerator.”’ 

A solution of nitre cake, the process of Dr. Jeffrey Stewart, of 
Philadelphia, patent assigned to the duPont de Nemours Company. 


ae 
| 


5 


746 CHARLES BASKERVILLE. [J. F.1. 


for the recovery of oil from soap stock, can also be used in cutting 
the cake. In view of the high price of acid at present, this may 
serve as an economical method for making “ black grease.”’ 

Printed instructions for the use of the method in practice or as 
analytical procedure will be supplied to any who will write for 
them. 

SUMMARY. 

A process has been worked out, based on scientific principles, 
for preparing neutral oils, which possesses the following 
advantages : 

1. The actual refined oil obtained is from 1 to 10 per cent. 
more than now secured. Placed at a low average of 3 per cent., 
the process will save the cotton-seed oil industry in this country 
over $2,000,000 a year when prices are normal. The soja-bean 
oil industry, just developing in this country, can save 5 per cent. 
The peanut oil industry can save 6 per cent. The cocoanut oil 
industry can save from 3 to 5 per cent. 

2. The process takes from one-tenth to one-third the time now 
necessary. Hence the capacity of the refinery is increased. This 
is of great importance during the rush season; in fact, its introduc- 
tion will in economic efficiency perform the same role the tungsten 
filament lamp has played in the electric lighting industry, whereby 
the light production of a power station has been tripled. 

3. The process gives a daily double check on the efficiency of 
the refinery. 

4. The process is applicable to all grades of edible oils, which 
is not true with the common procedure. 

5. Little new machinery is needed. The extra filter-press 
capacity called for will be more than paid for in the first year’s 
profit. 

6. The cost of chemicals is the same or less. 

7. The by-product cake may be converted directly into a useful 
and commercial material. 
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PORTLAND CEMENT.* 


BY 
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Geophysical Laboratory, Carnegie Institution of Washington. 


PorRTLAND cement may be defined as “ the finely-pulverized 
product resulting from partial fusion of an intimate mixture of 
properly-proportioned argillaceous and calcareous materials.” ' 
When the fine powder is mixed with water a hard, stone-like mass 
is formed. The mortar thus obtained with Portland cement is 
iar superior in strength and durability to any of the other various 
types of mortars commonly used in construction. This is due to 
the fact that Portland cement, which is the only cement formed by 
partial fusion of the raw materials, contains a compound known as 
tricalcic silicate, which is only formed at extremely high tempera- 
tures. The value of employing high temperatures in the manu- 
facture of cement was discovered about one hundred years ago; it 
is only in recent years, however, that the process for the manufac- 
ture of Portland cement has been sufficiently developed so as to 
produce a uniform product on a large scale. Forty years ago its 
use was limited and it was manufactured only on a small scale; 
at the present time its use is so widespread that in 1915 it required 
over 90,000,000 barrels, costing over $125,000,000, to supply the 
demand in this country alone. This tremendous increase in 
production has been due to the increased use of Portland cement as 
a structural material, especially in concrete. The uses for concrete 
are many. It is used for the construction of sidewalks, roads, 
houses, dams, bridges, tunnels, forts, etc. In general, it may be 
said, therefore, that concrete is a substitute for stone. In some 
respects concrete is superior to stone as a building material, but 
under many conditions it is not so durable as the best build- 
ing stone. One often sees a cement sidewalk which has dis- 
integrated or hears of a concrete dam or bridge that is gradually 
going to pieces. There is reason to believe, however, that it may 


* Presented at a meeting of the Section of Physics and Chemistry held 


Thursday, March 2, 1916. 
* Standard Specifications, Am. Soc. Test. Materials, etc. 
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be possible to produce a cement which will yield a concrete of much 
greater durability than the Portland cement now made. Indeed, 
as the demand for Portland cement has increased and as the re- 
quirements of engineers have called for material of better quality, 
the manufacturers have been able to meet these demands and to 
improve continuously the quality of their product. This con- 
tinuous improvement has been brought about almost entirely by 
improvements in the mechanical appliances and methods of the 
industry, and owes very little to new ideas of how to make 
Portland cement, based on a knowledge of what the product really 
is. And, in view of this fact that such progress has been possible 
under such circumstances, it would seem not unreasonable to look 
forward to further improvement in cement, now that its consti- 
tution has been definitely ascertained. 

We now know that Portland cement is made up of a number 
of chemical compounds, and that of these compounds there is but 
one which in itself possesses all the properties of a desirable 
Portland cement. This compound, tricalcic silicate, makes up 
only about 35 per cent. of an average Portland cement. It would 
appear, therefore, that one method of increasing the strength and 
durability of Portland cement would be to increase the percentage 
of tricalcic silicate. 

The early investigations which ultimately led to the production 
of cement containing tricalcic silicate may be said to have started 
from the desire of engineers to obtain a satisfactory cement which 
would harden under water. In order to discover such a cement. 
two distinct modes of attack were employed: the one, representa- 
tive of the first investigations in England, was to proceed by more 
or less “‘ hit-and-miss ” methods to the determination of the proper 
substances to be used and of the methods employed for the manu- 
facture of an hydraulic cement; the other mode of attack, which 
originated in France, was to proceed in a systematic manner and 
to make use of the knowledge of the chemistry of the substances 
available for such a cement. 

While it is not our present purpose to take up an extended 
discussion of the relative merits of these two types of cement 
investigation, it may be well to give a brief account of the most 
important early investigations of each type, taking up first the 
researches carried on in England and then those of M. Vicat in 


France. 
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The cement industry may be said to have started in 1756 from 
the researches of John Smeaton, an English engineer. Smeaton ? 
had been employed by Parliament to build a lighthouse upon a 
group of partially-exposed rocks in the English Channel. Two 
wooden structures had previously been built and each had experi- 
enced a comparatively short life. When Smeaton attacked the 
problem, he determined to build a structure which would weather 
the fiercest storms of the channel. One of the greatest difficulties 
he had to overcome was the failure of ordinary lime mortar to 
harden under water. In order that his foundations be firm it was 
necessary that some mortar be found which would meet this 
difficulty. To this end he undertook a series of investigations of 
lime mortars, the result of which was the discovery that a clayey 
limestone, when burned, produced a mortar which would not only 
harden better in air than ordinary lime but would also harden 
under water. Such a clayey limestone Smeaton found in 
Cornwall, and he made hydraulic lime by burning this stone. This 
hydraulic lime, when mixed with pazzolana, a pumice-like material 
of voleanic origin, produced a satisfactory mortar which Smeaton 
used in the construction of the Eddystone lighthouse. ‘This 
cement of Smeaton’s, while it was undoubtedly an excellent struc- 
tural material, has never been widely used, for the reason that 
pozzolana is found only in a few volcanic regions, notably Italy, 
where it was previously used in the making of the famous old 
Roman cements. 

This circumstance, that pozzolana was not found in England, 
led to further investigations to determine the possibility of making 
a satisfactory water cement without this ingredient. As a result 
of these investigations various processes for the manufacture 
of artificial Roman cements were patented. These so-called 
cements were really hydraulic limes, similar to that prepared by 
Smeaton, though they were made by burning limestone containing 
a rather higher percentage of clay. It was from one of these 
hydraulic limes, patented in 1824 by Joseph Aspdin, an English 
bricklayer, that Portland cement derives its name. Aspdin took 
out a patent for the manufacture of an improved cement, which he 
called Portland cement from its resemblance in appearance after 
hardening to Portland stone, a famous English building stone. 


* John Smeaton, “ Narrative of the Building, etc., of the Eddystone Light- 
house,” chap. 5, Book VI. 
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This cement was made by heating together an intimate mixture of 
limestone and clay to a temperature sufficient to expel the carbon 
dioxide. The process thus described is incapable of producing a 
cement such as is now known as Portland cement, the temperature 
of burning not being sufficiently high for the formation of the 
essential constituent, tricalcic silicate. It was not long, however, 
before this defect became obvious, the value of burning to a tem- 
perature of incipient fusion being discovered in 1825. While the 
superiority of the cements thus made by partial fusion of the raw 
materials was soon recognized, the knowledge of why fusion is 
essential has but recently been discovered. We now know that 
it is tricalcic silicate which imparts to Portland cement its most 
valuable properties, and that it requires extremely high tempera- 
tures in order that this compound be formed from limestone and 
clay. In spite of this lack of scientific knowledge during the 
early stages of the development of the Portland cement industry 
in England, the proper proportions of limestone and clay to be 
used were discovered by burning various mixtures and testing the 
physical properties of the cements thus obtained. 

The first scientific knowledge of the chemistry of cements re- 
sulted from various investigations carried on in France. Of these 
early researches, the most important are undoubtedly those of 
M. Vicat, who undertook to straighten out the chaos of opinions 
and opposing facts regarding cements which existed at the time he 
started his work in 1812. Without taking up the exact nature of 
the chaotic conditions, it may be briefly stated that Vicat made an 
attempt to determine: the relation between the quality of hydraulic 
lime and cement and the chemical composition of the stone whence 
they are derived; the nature of the chemical compounds formed 
during burning; and the changes which take place when the 
cement is mixed with water and hardens. 

While he did not entirely accomplish his purpose, Vicat did 
evolve some very interesting theories as to the hardening of cal- 
careous mortar and cements. 

The theory which Vicat first adopted was that a portion of the 
alumina and silica of the sand being acted upon by the lime caused 
the mortar to harden by chemical combination. It was not long, 
however, before he discovered that even in mortars eighteen 
months old the hydraulic lime is without chemical action on the 
granitic sands, and, further, that there is no integral transforma- 
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tion of this lime into its carbonate. These facts led him “to 
inquire into the influence of a mechanical agency of the particles, 
either considered as the result of a mere interlacement, or as to the 
proper cohesion of the lime, in comparison with its adherence to 
the quartz or calcareous substance embodied by it.” * Discarding 
the hypothesis of a mere interlacement as untenable, he proceeded 
to inquire into the possibilities of a cement matrix possessing the 
faculty of: (1) hardening without perceptible shrinkage; (2) 
hardening with perceptible shrinkage; each case being considered 
when the adherence is stronger than the cohesion, and vice versa. 
Considering each of these possibilities with reference to the avail- 
able data on the mortars then known, Vicat concludes that the 
mortars of hydraulic limes are the only ones which cannot be 
explained by such a theory of aggregates. 

Referring to the hardening of eminently hydraulic mortars, he 
says:* ‘‘ We are therefore compelled to have recourse to other 
considerations; and most of the difficulties will at once disappear, 
if we consent to admit, first, that the action of adherence is not 
confined to a superficial effect or to contact, but that to a certain 
extent it augments the cohesion peculiar to the matrix; second, 
that the limits of this extent are the more enlarged, the more favor- 
able are the circumstances in which the mixture is placed, to a 
continuance of the molecular movement which takes place in the 
gangue; third, that lastly, the increase of cohesion in the matrix 
is inversely proportional to the distance of its particles from the 
aggregated body which acts the part of the nucleus.” Applying 
this theory, Vicat says:*° “Is it contrary to the principles of 
science to suppose that the film of lime which attaches itself in 
adhesion to the surface of a hard body becomes itself a hard sub- 
stance in respect to the film next to it, and that one after another 
these films may finally adhere to one another by an attraction 
superadded to the cohesion natural to them? Doubtless no; such 
an action may be kept up for a very long continuance, especially 
when the moist condition of the matrix favors it.”’ 

‘“‘ The very remarkable experiments of Mr. Petot, Engineer of 
Roads, on the relations which exist between the solubilities of 
hydraulic lime joined with sand, and the proportions of mixtures, 


® Vicat on Mortars and Cements (Trans. Cap. J. T. Smith), 288, p. 126. 
* Loc. cit., 307, Pp. 132. 
5 Loc. cit., 308, p. 133. 
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leaves no doubt of the influence exerted by the presence of the 
quartz upon the cohesion of the lime.” 

Referring to this statement, J. T. Smith, who translated the 
works of Vicat, says (p. 134): “ This observation seems to be 
confirmed by the result of some of my own experiments, although 
they were undertaken with quite a different view. In endeavoring 
to account for the absence of carbonic acid in mortars of great 
age, and in searching for the neutralizing power which had sup- 
plied its place in part, in depriving lime of its caustic quality, 
etc. . . .” The only ingredient which could produce this 
effect was, according to Smith, silica, although he was unable to 
obtain any direct proofs on which to found the assertion * that 
silica exercises a neutralizing power with lime in the humid way.” 
He was able to show, however, “ that silica has a strong affinity 
for lime in circumstances which may frequently occur in 
hydraulic cements; these are, when it (silica) is in a minute 
state of division, especially if gelatinous; a fact which is shown 
by its communicating to it (lime) the property of hardening 
under water, under circumstances in which the induration cannot 
be occasioned by absorption of the fluid, as in the setting of 
plaster of Paris and some other cements.” 

To return again to the work of Vicat, he found that “ Rich 
lime, when lodged amongst the grains of quartz of an ordinary 
mortar, retains in it its characteristic properties, which are, to be 
soluble to the last particle in water and to remain soft for a great 
number of years when excluded from contact with air (carbon 
dioxide). When mixed, however, in certain proportions with 
an energetic pozzolana in a pulverulent state, the lime disappears 
in a way, becomes insoluble, and communicates to the compound 
the faculty of hardening in a short time, either in water or in 
inclosures impermeable to the air. Now in what way does this 
lime thus change its nature?” ® After refuting previous theory, 
to the effect that the hardening is due to carbonization of the lime, 
Vicat concludes (paragraph 314): “‘ We persist in thinking, as we 
have always maintained till now, that the lime in cements of 
natural or artificial pozzolanas, etc., enters into chemical com- 
bination with these substances. Our opinion harmonizes with 
numerous facts set forth in the course of this work. These facts, 


"Loc. 31%, 1395-198. 
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it is true, cannot be looked upon as direct proofs, but we know 
that in matters of this kind direct proofs are extremely difficult and 
sometimes impossible to obtain; we know, moreover, that 
geometricians consider two straight lines to be equal, when they 
have proved that one can neither be smaller nor larger than the 
other.” 

In this manner Vicat ended his very valuable treatise on 
mortars and cements. The few scattered quotations from this 
work which are given here may appear to be rather incoherent, 
but they contain many ideas and suggestions which are extremely 
useful to those interested in the production of a Portland cement 
far superior to that now made. It is true that the cements which 
Vicat prepared and studied are inferior and have little resemblance 
to present-day Portland cement; even so, the fundamental 
theories of cement making which he advanced have not been 
refuted up to the present time and appear as applicable to Portland 
cement as to Vicat’s hydraulic limes and cements. 

These theories of cement making, which one must infer Vicat 
had in mind though he embodied them in no simple direct state- 
ment, are: (1) that the lime contained in cement mortars should 
be present in chemical combination with some material other than 
water; (2) that this other material should be silica, preferably in 
a finely-divided or gelatinous condition. 

Later in this paper, after having presented our present knowl- 
edge of the constitution of Portland cement and of the chemistry 
of the hardening of mortar, an attempt will be made to show 
that Vicat’s theories not only explain in a measure the essential 
active principle of the hardening of Portland cement mortar, but 
also indicate that it should be possible to produce a cement 
which will in turn produce a mortar of much greater strength 
and durability. 

While Vicat, in France, was working out these theories as to 
the best cement practice, the English, with little or no theoretical 
knowledge (more by luck than otherwise), discovered a process 
for the production of an hydraulic cement far superior to any 
then produced in France. This discovery, of which a brief ac- 
count has already been given, was, from one point of view, rather 
unfortunate, for the reason that it yielded a cement (Portland 
cement) so far superior to any previously known that apparently 
the idea became fixed—and to some extent still prevails—that there 
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is no possibility of producing a still better cement. It would 
appear that this minimized to some extent the recognition of the 
value of theoretical cement investigation, since but little of value 
was undertaken for some time after Vicat’s investigations. 

In spite of this fact, however, that but little has been known 
of the theoretical possibilities involved in the chemistry of the 
process, the many merely mechanical improvements have made 
possible the production of a better and more uniform product 
than was first made. 

At first the English and later the German process produced 
cement which was the standard of quality; to-day, however, the 
best Portland cement is undoubtedly made in America. This has 
been brought about by improvements in the mechanical appliances 
of the industry which have been developed largely in this country 
and which, as we now know, have gradually increased the per- 
centage of tricalcic silicate in cement by affording more favorable 
conditions for the formation of this compound. 

Portland cement is ordinarily prepared by heating together a 
mixture of two raw materials, one composed largely of calcium 
carbonate, the other of aluminum silicates. The most typical 
materials answering to this description are limestone and clay, 
both of which occur in Nature in great quantities and in a number 
of varieties; other materials sometimes used are blast-furnace slag 
with limestone. Any combination of raw materials containing 
lime, alumina, and silica—the essential components—in the proper 
proportions may be used, however. 

Briefly outlined, the method commonly used in America for the 
manufacture of Portland cement is as follows: The raw materials 
namely, limestone and clay, or their equivalents—are crushed 
and dried, in order to insure satisfactory grinding and mixing: 
they are then mixed in the desired proportions, as indicated by 
previous chemical analysis, ground together until the whole of 
the material is reduced to very fine powder, and burned. The 
burning is carried out in a rotary kiln, the action of which is con- 
tinuous, the raw material entering at one end and the cement 
clinker passing out at the other. These kilns are cylindrical, 
ranging from 60 to 150 feet in length and 5 to 8 feet in diameter, 
and are built up of steel plates lined with highly refractory 
material; they are supported in a slightly-inclined position by fric- 
tion rollers and are slowly rotated. The fuel commonly used is 
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bituminous coal, which, after being thoroughly dried and pow- 
dered, is blown by compressed air into the lower end of the kiln, 
thus securing very thorough combustion. This arrangement in- 
sures the maintenance of a high temperature at the lower end of 
the kiln, so that the raw material passing down encounters a 
continually-increasing temperature. The changes taking place 
in the progress of the material through the kiln may be divided into 
three stages: in the first the material is thoroughly dried, in the 
second all organic matter is destroyed and the carbon dioxide of 
the calcium carbonate is expelled, while the third is the chemical 
reaction between the lime, alumina, and silica to form the clinker. 
The time of passage through the kiln is about one and one-half 
hours, and the final temperature is about 1425° C. The clinker, 
in the form of granules varying in size from that of a pea to that 
of a large marble, is a partially-fused mass of the chemical sub- 
stances formed by the reactions occurring in the third stage: 
when ground to a fine powder, it constitutes the Portland cement 
of commerce. It is usual, however, to mix with the clinker, before 
it is ground, a small proportion of gypsum, the purpose of which 
is to regulate the time of setting of the cement when mixed with 
water. 

It has just been stated that Portland cement clinker is the 
result of chemical combination of the three oxides, lime, alumina, 
silica; but beside these three—which are the essential components 
—two others, namely, magnesia and ferric oxide, always occur to 
some extent in commercial cement. ‘The average of a large num- 
ber of chemical analyses of American-made Portland cement is, 


according to Meade: * 


620 per cent... FeO. per cent. 


From this it is evident that more than 9o per cent. of an average 
Portland cement consists of the three oxides, CaO, Al,O,, SiO. : 
one would expect, therefore, that its properties are due mainly to 
the presence of the above three components, and that the relatively 
small admixture of the other oxides exerts at most a wholly sec- 
ondary influence. Indeed, it has been shown that good Portland 


*R. K. Meade, “ Portland Cement,” p. 30. 
VoL. No. 1086—54 
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cement can be made from the three pure oxides, lime, alumina, 
and silica, in the proper proportions. 

Now, ordinary chemical methods enable us to ascertain the 
aggregate proportion of each oxide present, but they vield us no 
information as to the manner in which these oxides are combined 
with one another—in other words, as to the substances which 
actually are present in the clinker and are responsible for its char- 
acteristic properties. The determination of this question is very 
important, for this reason; that, until we know what these sub- 
stances actually are, we cannot hope to improve the quality in any 
desired direction, except by cut-and-try methods; and it is gen- 
erally recognized that such empirical methods are much less 
certain, and take a vastly longer time to reach the goal, than 
methods based on a real knowledge of the factors in the problem. 
The determination of this question has been the object of a very 
large number of investigations; but the experimental basis of 
most of this work has been altogether insufficient to decide the 
several questions at issue. There has been in general a failure to 
realize the fact that a system so complicated as this can be un- 
ravelled only by proceeding systematically, using as a guide the 
principle known as the phase rule and establishing definite criteria 
for the recognition of the several substances which occur. 

Cement clinker is a mixture of substances of very similar 
properties, and is, moreover, exceedingly fine grained, as a conse- 
quence of which it is a matter of some difficulty to make quanti- 
tative determinations of the constituents; but this difficulty can be 
surmounted by studying separately each of the presumable con- 
stituents of the clinker and determining definite values of certain 
properties which serve to characterize it and to distinguish it from 
other possible constituents. Accordingly the first problem is to 
isolate and determine all the possible compounds of lime, alumina, 
and silica which we may expect to find in Portland cement clinker, 
to establish their relations at high temperatures, and to ascertain 
their optical characteristics which constitute the most convenient 
and satisfactory criterion of the identity of the several substances. 

These characteristic properties of the several solid substances, 
containing only CaO, Al,O., SiO,, which are likely to occur in 
Portland cement have been determined at the Geophysical Labora- 
tory of the Carnegie Institution in Washington in the course of a 
systematic investigation of all compounds formed when any mix- 
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ture of these oxides is heated to a high temperature. In Amer- 
ican-made Portland cements the relative proportions of these 
oxides vary only between comparatively narrow limits: CaO, 
60 to 64; Al,O;, 5 to g; SiOs, 19 to 25; in other words, in 
considering this special problem we have to deal with a very 
restricted portion of the field of the whole system CaO — Al,O, - 
SiO.. 


THE TERNARY SYSTEM Ca0O-Al.0.-SiO.. 


In order to work out this system completely it proved neces- 
sary to investigate about 1000 different mixtures of these three 
oxides and to make about 7000 heat treatments and microscopical 
examinations of the resultant products. Each such mixture, 
which was always made up of especially pure materials, was 
alternately fused and ground to a fine powder, the fusions being 
made in a platinum crucible to avoid contamination, in order to 
obtain a thoroughly-combined product. Each of these products 
was heated in an electric furnace, the temperature of which was 
carefully controlled and measured, until all changes had ceased, 
when it was quickly chilled; and the resultant material was sub- 
jected to a complete optical study. This procedure, which was 
carried out systematically, enables one to determine the crystalline 
phases present at temperatures ranging from that at which melting 
egins to that at which the charge is completely melted; and thus 
to ascertain the melting temperature and optical properties of all 
compounds of lime, alumina, and silica which form when any 
mixture of these three oxides is heated. 

Before taking up the discussion of the application of the results 
thus obtained to the study of Portland cement clinker, a brief 
description, illustrated with photographs (Figs. 1 to 6) of the 
apparatus employed in this investigation, is given 

Fig. 1 is a photograph of a battery of three Fletcher gas-blast 
furnaces in which the various mixtures of CaO, Al,O,, and SiO,, 
contained in platinum crucibles, were fused. Three of the 
platinum crucibles used are shown in the foreground. 

The crushing and grinding apparatus employed for the reduc- 
tion of the fused material to a fine powder is shown in Fig. 2; the 
steel mortar and pestle being used for preliminary crushing; the 
battery of mechanical agate mortars for further crushing and 
grinding; and occasionally, when extremely fine powder was 
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1. 


Battery of three Fletcher gas-blast furnaces used for fusing mixtures of CaO, Al2Os, and SiO, in 
platinum crucibles. 


Fic. 2. 


Crushing and grinding apparatus for the reduction of clinker to a fine powder: (1) steel mortar 
and pestle; (2) battery of mechanical agate mortars; (3) porcelain ball mills. 
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desired, the material was subjected to the pulverizing action of 
the porcelain ball mill. 

The general arrangement of the apparatus used for the isola- 
tion of the different crystalline compounds and for the determina- 
tion of melting temperatures up to 1625” C. is shown in the photo- 
graph (Fig. 3). The essential features of this apparatus are the 


FiG. 3. 


Photograph to show general arrangement of electric furnaces and temperature measuring 
device used for the determination of melting-points and for the isolation of the constituents of 
clinker: (1) platinum wire electric resistance furnaces; (2) Pt-Rh thermo-element; (3) elec- 
trical connection from thermo-element to galvanometer-potentiometer installation; (4) gal- 
vanometer; (5) potentiometer; (6) resistance for furnace temperature control. 


platinum furnace and the temperature measuring device. The 
platinum furnace consists of a coil of platinum wire (wire 1.2 mm. 
diameter; coil 2'%4 inches diameter, 9 inches long, six turns to the 
inch) wound on the inside of a cylinder of impure magnesite which 
is insulated with MgO powder and a fire clay cylinder. Tempera- 
tures within the platinum furnace are measured with a platinum- 
rhodium thermo-element, in connection with a potentiometer and 
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galvanometer.* It is heated by the current from a storage battery 
(voltage 110, capacity 300 ampére hours), and the temperature 
within the furnace can be maintained constant (+ 2°) at 1550° 


FiG. 4. 


Cross-section of platinum quenching furnace: (1) platinum wire heating coil; (2) fire- 
clay shell of furnace; (3) highly refractory material for heat insulation; A, porcelain tube 
passing through centre of furnace; E, thermo-element; B, clinker wrapped in platinum foil; C, 
porcelain ring, suspended by fine platinum wire; + and —, heavy platinum wire leads; D 
removable plug; F, beaker of mercury. 


for a period of 12 hours; for lower temperatures the temperature 
can be maintained constant for much longer periods of time. 
The photograph (Fig. 4) shows a vertical cross-section of a 


* Walter P. White, “ Potentiometer Installation, Especially for High-tem- 
perature and Thermo-electric Work,” Phys. Rev., xxv, 334-352 (1907). 
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platinum furnace fitted up with a quenching device. This device 
consists of a porcelain tube A passing through the furnace. On 
the outside of this tube the thermo-element E is fastened. The 
charge is contained in platinum foil B, suspended by a small 
porcelain ring from the fine platinum wire C. This wire is at- 
tached to two heavy platinum leads marked + and —. The tube 
is closed at the bottom by the removable plug PD. F is a dish of 


FiG. 5. 


Photograph to show arrangement of iridium furnaces and optical aap eee (1) iridium 
furnace tubes within highly refractory shells; (2) electrical resistance f« 
3) optical pyrometer; (4) ammeter for indicating temperature. 


mercury. In operation the charge is brought to the desired tem- 
perature and held for a suitable length of time. The plug D is 
removed and a strong current passed through the wire C. The 
current fuses the wire, dropping the charge into the vessel F. The 
porcelain ring C prevents the wire of B from sticking to the sus- 
pending wire at C. The operation of the quenching device thus 
described enables one to quickly chill a small charge of material 
which has been heated to any temperature up to 1625° C. 


or temperature control; 


Bist 
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For temperatures above 1625° C. no satisfactory quenching 
device or furnace has yet been devised for the study of mineral 
oxides. In such a furnace it is essential to maintain an oxidizing 
atmosphere and a fairly constant temperature which can be meas- 
ured. Conditions approaching these requirements can be main- 
tained in the iridium furnace, but no suitable refractory materials 
for the construction of a quenching device in this furnace are 
known. ‘The iridium furnace consists of a straight iridium tube 


Fic. 6. 


Photograph to show arrangement of microscopes used for the study of constituents of clinkér. 


about 18 cm. long and 4 cm. in diameter, and is heated by a low- 
voltage alternating current. ‘Temperatures within this furnace 
are measured with an optical pyrometer.® This furnace is used 
only for the determination of melting-points of substances which 
melt completely at a definite temperature within the range of 


*Day, Shepherd and Wright, “ Lime-Silica Series of Minerals,” Am. 
Jour. Sci. (4), xxii, 286, 1906. 
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1625° —2100°. <A photograph to show the general arrangement 
of the iridium furnace, with device for temperature control and 
the optical pyrometer used for the measurement of temperature in 
this furnace, is given as Fig. 5. 

Fig. 6 is a photograph showing the microscopes used for 
the optical study of fused mixtures after being quenched from 
various temperatures. 

Having shown the general method of attack and the nature of 
the apparatus employed in this investigation of CaO, Al,O,, and 
SiO,, let us now consider the results obtained. 

The data can be interpreted most readily if they are plotted in 
three dimensions; the concentration (composition) of each mix- 
ture is represented by a point within an equilateral triangle 7° on 
the horizontal plane, the magnitude of the corresponding tempera- 
ture by the distance above this plane. It would lead us too far 
to go into details of the construction and properties of such a 
model ;1'! suffice it to say that the series of surfaces thus described 
represent the melting temperatures of all products obtained when 
any mixture of the three oxides is heated progressively to higher 
and higher temperature. A photograph of such a model is repro- 
duced in Fig. 7. As can be seen from the photograph, the model 
resembles a relief map of a mountainous region; each mountain 
peak is the melting-point of a pure component or of a pure com- 
pound; the mountain slopes represent the melting temperatures 
of a component or compound in ternary mixtures (each mountain 
slope in Fig. 7 is shaded in order to clearly define its boundaries) ; 
the points where the rivers in the valleys meet to form a lake are 
the lowest melting temperatures, known as eutectic points. This 
model, when interpreted with the aid of the principles underlying 
such equilibria, enables one to specify the order in which the sev- 
eral crystalline substances will appear when any melt composed 
entirely of lime, alumina, and silica is slowly cooled, and also to 
state what are the final products when any such melt has completely 
crystallized. 


* In such a diagram, the pure components CaO, Al.Os, and SiO: are repre- 
sented by the apices of the triangle; the binary systems CaO-Al.O;, CaO-SiO, 
and Al.O;-SiO, by the sides of the triangle, and ternary mixtures by points 
within the triangle. 

™ Those interested in the details of all this work are referred to previous 
papers, particularly Rankin and Wright, 4m. J. Sci. (4), 39 (1915), 1, 79; and 
G. A. Rankin, J. Ind. Eng. Chem., 7, 466 (1915). 
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Let us consider the crystalline substances which will separate 
from a melt composed only of these three oxides in the proportions 


Fic. 7. 


Photograph of solid model of concentration-temperature diagram of the ternary system 
CaO-AlsO;-SiOz. Black dot P gives composition and melting temperature of pure Portland 
cement clinker. 


such that they will produce a good Portland cement. For this 
purpose a diagram such as Fig. 8 is useful. This diagram is a 
projection on the horizontal plane of that portion of the solid 
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model necessary for our present purpose. The corresponding 
temperatures are here represented by isothermal lines, which are 
completely analogous to the contour lines on an ordinary map. 
The shaded areas correspond to the surfaces of Fig. 7. In this 
diagram the group of dots which represent mixtures of CaO, 
Al,O,, and SiO, from which Portland cement of good quality 
can be made correspond to the circle in solid model, Fig. 7. It will 
be seen that some of these dots represent points on the fusion 


Fic. 8. 


c.0 


Projection of a portion of concentration-temperature solid model of system CaO-AlO;- 
SiOe, with isotherms. The dots represent mixtures of CaO, AleOs, and SiOz from which Portland 
cement of good quality can be made. 


surface of dicalcic silicate, others on the fusion surface of pure 
CaO, and still others, points on the fusion surface of tricalcic 
silicate. 

If now a melt whose composition is represented by point P on 
the surface for dicalcic silicate is cooled, it is evident that this 
compound will crystallize at a temperature of about 1g00° C. 
On further cooling dicalcic silicate will continue to crystallize 
alone until a temperature of about 1800° C. is reached, when 
tricalcic silicate will begin to crystallize. These two compounds, 
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dicalcic silicate and tricalcic silicate, will now crystallize together 
until, when the temperature of the cooling melt has reached 1455°, 
tricalcic aluminate appears. At this temperature the melt will 
crystallize completely, and the final product thus obtained will be 
made up of the compounds, dicalcic silicate, tricalcic silicate, and 
tricalcic aluminate. 

The composition of the melt which when crystallized gives this 
product, it will be remembered, is that of point P on the melting 
surface of dicalcic silicate. If now a melt whose composition is 
represented by a point on the melting surface of CaO or tricalcic 
silicate is cooled, the same group of substances will be present in 
the final product. For example, if a melt of composition repre- 
sented by point X is cooled, lime will be the first solid phase to 
crystallize. Subsequently, however, the lime will be resorbed 
and the final product obtained when melt X has completely 
crystallized will be made up of the same group of three compounds 
as result finally when melt P is cooled. Similarly, when a melt 7 
whose composition is represented by a point on the melting surface 
of tricalcic silicate is cooled, tricalcic silicate is the first solid to 
crystallize, but the final group of three, viz., tricalcic silicate, 
dicalcic silicate, and tricalcic aluminate, is the same. 

The reason why each of these three melts, P, X, and Z, should 
give the same products of crystallization—though the final propor- 
tions of three substances differ, of course, from one case to another 
—is evident if we consider their composition. It will be noticed 
that P, X, and 7 represent compositions within the triangle formed 
by lines connecting the compositions of pure tricalcic silicate, pure 
dicalcic silicate, and pure tricalcic aluminate. Any melt whose 
composition is represented by a point in this triangle, when slowly 
cooled, will yield a final product made up of these three com- 
pounds; so that, while the order in which these compounds 
crystallize from the melts P, X, and Z respectively is different, the 
nature of the final product of crystallization is in each case 


necessarily the same. 

Now the points P, X, and Z, in accordance with the statement 
on page 761, represent mixtures of CaO, Al.O,, and SiO, such 
that each will yield a good Portland cement when properly burned. 
We have now determined the compounds which will be formed 
when such mixtures are melted and slowly cooled. While Port- 
land cement is not manufactured in this way, still the product 
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resulting from the crystallization of the completely-melted ma- 
terial is a good Portland cement, and the determination and 
identification of the constituents are more readily carried out. 

In the actual manufacture of Portland cement, the necessary 
compounds are formed by burning at a temperature much below 
that required for complete melting. If, however, the cement 
clinker is not perfectly burned (the necessary compounds are not 
completely formed) there will be present, besides the three com- 


FIG. 9. 


otomicrograph showing crystals of free lime imbedded in glass. Magnification, X 150. 


pounds already mentioned, two others; namely, CaO and the 
compound 

The major constituents of Portland cement clinker made up 
only of the oxides CaO, Al,O.,, and SiO, are, therefore, the three 
compounds 3CaO.SiO., 2CaO.SiO,, and 3CaO.Al1,0,. The com- 
pound 5CaO.3A1,O, and CaO are minor constituents. Each of 
these compounds has optical properties peculiar to itself which 
serve to distinguish it from the rest. The several characteristic 
optical and crystallographical properties were obtained by a study 
of each compound by itself. These values are constants for the 
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individual compounds in all mixtures made up from pure CaO, 
Al.O,, and SiO.; 1.e., the final products resulting when such mix- 
tures are heated are present as individuals of constant optical 
properties and not as solid solutions. Photomicrographs, to show 
each of these constituents as isolated crystals, are given in Figs. 
g to 16. These crystals, which are shown here as they occur 
imbedded in fragments of glass, were thus obtained by the quench- 


Fic. 10.* 


Photomicrograph showing crystals of tricalic aluminate imbedded in a fragment of glass. 
nification, X 150. 
*This photor ywraph of crystals of 3CaO.AleOs shows an effect which is commonly 
observed in *‘ quer 
in a cooling melt his effect, which is due to inability to prevent crystallization taking place 
during the que iz process, is shown here by the fine fringe surrounding the crystals which 
were present in the liquid (glass) before quenching. 


gs” 


ing method already described. It will be noticed that, except for 
the 3CaO.SiO,, the other constituents obtained in this way do 
not show any definite crystalline outline, but that they appear as 
more or less indistinct, irregularly-shaped grains in the fragments 
of glass. In spite of this, the fact that each of these grains is 
isolated in glass (surrounded by a medium of uniform optical 
character) enables one to determine its characteristic optical 
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properties. While it is not possible to show all of the optical 
characteristics of each constituent by photographs, it is possible 
to thus show certain of these characteristics. 

Figs. 9, 10, and 11 represent crystals of lime, tricalcic 
aluminate, and the compound 5CaO.3Al1,O,, respectively, im- 
bedded in fragments of glass. These three compounds are 
optically isotropic, so that it is not possible to show here the most 
characteristic distinguishing property of each of these compounds, 


Fic. 11. 


Photomicrograph showing crystals of the compound 5CaO.3Al203 imbedded in a fragment of 
glass. Magnification, X 150. 


namely, the value of its refractive index. Also, since they are 
isotropic, they are inactive toward polarized light, and so photo- 
micrographs taken with the nicols crossed show simply a black 
field ( Fig. 12). 

Figs. 13 and 15 show crystals of dicalcic silicate and tricalcic 
silicate, respectively, imbedded in fragments of glass. Figs. 14 
and 16 are the same, except that the photomicrographs were taken 
with the nicols crossed. This shows something as to the action 
of polarized light toward these compounds, dicalcic silicate and 
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tricalcic silicate, which are optically birefracting. It is not pos- 
sible, however, to show photographically the exact difference in 
the birefringence of these two compounds, the birefringence of 
tricalcic silicate really being very weak as compared with that of 
dicalcic silicate. 

These photomicrographs of the constituents of Portland 
cement, while they thus show something as to the optical nature 
of these compounds, are not sufficient for their certain identifica- 
tion, especially as they occur in fine-grained mixtures of the nature 
of Portland cement clinker. The identification of these com- 
pounds in such material requires more definite data, such as is 
contained in Table I. 

Microscopical examination of commercial Portland cement 
clinker shows it to be made up largely (over 90 per cent.) of 
the three compounds, 2CaO.SiO,, 3CaO.SiO,, and 3CaO.Al,O,,. 
It would appear, therefore, that the value of Portland cement as a 
cementing material when mixed with water is largely due to one 
or more of these compounds. Before taking up the cementing 
value of each of these compounds, however, let us consider their 
formation when Portland cement is burned. 

For this purpose let us follow the reactions which take place 
when a mixture whose composition is CaO (as CaCO,,) 68.4 per 
cent., Al,O, 8.0 per cent., and SiO, 23.6 per cent. is slowly heated. 
This mixture made up only of the pure oxides lime, alumina, and 
silica, when properly burned, will produce a good Portland cement. 
When such a mixture is heated the first change is the evolution of 
the CO,; the lime then unites with the other components to form 
the compounds 5CaO.3Al,0, and 2CaO.SiO, (both of which 
form readily), probably in the order named, since the former has 
a lower melting-point than the latter; subsequently these two com- 
pounds unite in part with more lime, and the compounds 
3CaO.Al,O, and 3CaO.SiO, appear. This formation of the last 
two compounds—a process which goes on very slowly in mixtures 
of their own composition—is materially facilitated by the circum- 
stance that in the ternary mixtures a portion of the charge has 
already melted and promotes reaction by acting as a flux or solvent. 
The temperature at which this flux first appears is 1335° C., the 
eutectic temperature for the three compounds 2CaO.SiO.., 
5CaO.3A1.,0., and 3CaO.Al,O,. As the temperature of burning 
gradually rises above 1335° the relative amount of flux increases 
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FIG. 12. 


Photomicrograph, with nicols crossed, of either lime, tricalcic silicate, or 5CaO.3Al203 imbedded 
in glass. 


Fic. 13. 


Photomicrograph showing crystals of dicalcic silicate imbedded in fragments of glass. Magni- 
fication, X 150. 
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FiG. 14. 


Photomicrograph taken with crossed nicols, showing crystals of dicalcic silicate imbedded in 
fragments of glass. Magnification, X 150. 


Photomicrograph showing crystals of tricalcic silicate imbedded in a fragment of glass. Mag- 
nification, X 150. 
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and the rate of formation of 3CaO.Al,O, and 3CaO.SiO, in- 
creases correspondingly. At a temperature somewhat above 
1335° the compound 5CaO.3Al1,O, will have completely melted 
in the flux and the formation of 3CaO.Al,O, is complete. The 
substances present as crystals at this stage are 3CaO.SiO,, 
3CaO.Al1,0,, 2CaO.SiO., and free CaO. Of these the 3CaO.SiO, 
is rapidly increasing in amount, due to combination of 2CaO.SiO, 
with CaO, while the amounts of solid 2CaO.SiO,, CaO, and 


Fic. 16. 


Photomicrograph taken with crossed nicols, showing crystals of tricalcic silicate imbedded in a 
fragment of glass. Magnification, X 150. 


3CaO.Al,O, are all decreasing, the 2CaO.SiO, partially by com- 
bination with CaO and partially by dissolving along with 
3CaO.Al,O, in the flux. As the temperature is raised still further 
the amount of flux (liquid) increases and the rate of combination 
of CaO.SiO, to form 3CaO.SiO increases. But it is not neces- 
sary to raise the temperature until the charge is completely melted, 
as normal cement clinker is obtained at temperatures much below 
complete melting; in other words, the necessary reactions will go 
to completion below the temperature required for complete melt- 
ing. The rapidity with which the reactions go to completion is 
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governed by the temperature and by the amount of the flux formed 
at that temperature. The requisite amount of flux, in turn, 
depends upon the fineness of the raw materials, since the finer 
these materials are ground the more readily the components will 
combine. For finely-ground raw materials of the above composi- 
tion, composed only of CaO, Al,O.,, and SiO,, a temperature 
of about 1650° C. is required for burning. At this temperature 
the clinker would be about 30 per cent. melted and 70 per cent. 
solid crystalline material, a proportion of flux which would admit 
of the necessary reactions going to completion in a reasonable 
time. The charge will always completely crystallize on cooling: 
the percentage composition (based on actual data) of the clinker 
thus obtained would be approximately 3CaO.SiO. 45 per cent., 
2CaO.SiO, 35 per cent., and 3CaO.AI1,O., 20 per cent. The melt- 
ing temperature of the flux necessary for the production of the 
clinker is materially lowered by the presence of small amounts of 
impurities; that the small amounts of Fe,O., MgO, etc., in com- 
mercial cement actually have this effect is shown by the fact that 
the temperature required for burning is about 1425° C. 

In the foregoing discussion we have followed to completion 
the course of the reactions which take place when cement clinker 
composed of pure CaO, Al,O,, and SiO, is burned; in other 
words, we have shown the formation of the compounds during the 
burning of mixtures of these three oxides in the proper propor- 
tions for cement clinker, and stated what compounds will be 
present in the final product if the burning is continued long enough 
and at a sufficiently high temperature. 

The foregoing data, presented in a more concise manner, are 
given in Table II, which gives the constituents of Portland cement 
present between rather definite temperature intervals during the 
burning of this clinker. This table requires no special discussion. 
It may be well to mention, however, that, while free CaO is present 
at 1450° C., it will be entirely combined when the temperature 
reaches 1650° C. 

TABLE II. 


Formation of Constituents of Portland Cement During the Burning of the Clinker 
Composed Only of CaO, AlzO3,S102. 

Raw mix 1000° C, 1000°-1335° 1335°-1450° 1450°-1650° Cool clinker 
CaO (as CaCOs) CaO CaO CaO CaO 2CaO.SiO2 
AlsOs 5CaO.3Al03 3CaO.AlhO: 2CaO.SiOz 3CaO.SiO2 
SiO2 2CaO.SiO2 2CaO.SiOz 3CaO.SiO- 3CaO.AhO; 

3CaO.AlLO: Flux 
ux 
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The description and table, showing the essential reactions 
which take place when cement made up only of CaO, Al,O,, and 
510, is burned applies equally well to commercial Portland cement. 
In commercial cements, however, there are always present small 
amounts of Fe,O;, MgO, alkalies, etc. These minor components, 
which total less than 10 per cent., have but little effect on the major 
constituents of the clinker. During the burning of cement 
clinker, however, these minor components play an important part, 
since their presence insures the formation of a flux at a much lower 
temperature, and thereby materially promotes the combination of 
CaO with Al,O, and SiQ,. 

In order to afford a comparison of the chemical compositions, 
the temperature required for burning, and the final products ob- 
tained for different tvpes of Portland cement, the necessary data 
have been collated in Table II]. The examples given in this table 
are based on the average for a large number of analyses of each of 
three types of Portland cement, viz., pure cement, made only of 
CaO, Al,O,, and SiO,; commercial white cement; and the more 
common gray variety of Portland cement. 


TABLE ITI. 


Compositions and Burning Temperatures of Various Portland Cements.* 
g 


Portland Percentage composition of clinker Burning Constituents of 
cements Actual components temperature resulting cements 
\3CaO.AlzOs 
White AlOs.... 6.4) 97.6 amount 
(A) |SiOz.... ‘ 25.0) of CaO 
(MgO, Fe2O3s, NazO and K20..... 2.4 
.63.2 (3CaO.SiO2 Small 
(B) SiOz... 7 22.4 1425..43CaO.SiO2 
MgO, Fe20;3, NazO, and SQO3. 6.7 3CaO.AleOs; CaO and 


ferrites 


* The data given in this table are based largely on the work of this laboratory. The analy- 
ses of commercial clinkers are from publications from the Bureau of Standards and from ‘ ‘Port- 
land Cement,’’ by R. K. Meade. The temperatures of burning and the constituents given are 
based both on our work and that of the Bureau of Standards. 


If the raw material for pure cement is perfectly burned at a 
temperature of 1650”, the clinker obtained will consist of the three 
compounds — dicalcic silicate, tricalcic silicate, and _tricalcic 
aluminate. The example of a pure cement given in Table III has 
the chemical composition 68.4 per cent. lime, 8.0 per cent. alumina, 
and 23.6 per cent. silica. The raw material for white commercial 
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cement, when burned at a temperature of 1525°, will produce a 
clinker which consists largely of the same three compounds found 
in pure clinker, except for a small amount of free lime. The 
average chemical composition of this type of cement as given in 
the table is 66.2 per cent. lime, 6.4 per cent. alumina, 25 per cent. 
silica, and 2.4 per cent. magnesia, iron oxide, and alkali. The 
clinker obtained on burning the raw material for commercial gray 
cement at 1425° will consist largely of the same three compounds 
found in the other two types of clinker, except for small amounts 
of free lime, the compound 5CaQ.3.A1,O., and iron oxide as 
ferrites. The composition of this clinker is 63.2 per cent. lime 
7.7 per cent. alumina, 22.4 per cent. silica, 6.7 per cent. MgO. 
Fe.O., alkali. and SO,. 

The similarity of these three types of cement clinkers is not 
surprising if we consider their chemical compositions, the content 
of lime, alumina, and silica of each type being over go per cent. 
We should expect, therefore, and it has been found experimentally 
to be true, that these three types of cement clinker are made up 
largely of the same constituents, tricalcic silicate, dicalcic silicate, 
and tricalcic aluminate, all compounds of the three _— 
components of cement. 

Having shown that the components of Portland cement are 
CaO, Al.O,, and SiO., and that the constituent substances are 
definite compounds of these oxides, let us consider the per- 
centage of these compounds in the clinker. For example, let us 
take the average gray cement whose chemical composition has been 
given in Table III. If the clinker for this cement has been per- 
fectly burned, it will consist of about 36 per cent. 3CaO.SiO,, 33 
per cent. 2CaO.SiOg, 21 per cent. 3CaO.A1,O,, and 1o per cent. of 
the minor constituents. 

In the actual manufacture of Portland cement, however, the 
clinker is not always perfectly burned; that is, the raw materials 
are not always ground fine enough or heated to a sufficiently high 
temperature so that the chemical reactions are completed. The 
proportions of the constituents in commercial cement will then be 
somewhat different from those given. \Vith our present know]- 
edge of the nature of the chemical reactions, however, it is possible 
to state which of the constituents will not be completely formed. 
It will be remembered that, in the discussion of these chemical 
reactions, it was shown that 3CaO.SiO, is the last constituent to 
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form completely, and that this compound is formed by combina- 
tion of CaO with the compound 2CaO.SiO,. It is evident, there- 
fore, that when commercial clinker is not perfectly burned there 
is less 3CaO.SiO, and more 2CaO.SiO,,'? and CaO will be present 
as an individual constituent. In the example given there will be 
less than 36 per cent. 3CaO.SiO., more than 33 per cent. 
2CaO.SiO,, and there will be a certain percentage of free CaO. 
The exact percentages will, of course, depend upon how near to 
completion the reaction, CaO + 2CaO.SiO, == 3CaO.SiO,, has 
been carried. 

That the manufacture of good Portland cement necessitates 
that this reaction be carried practically to completion is evident 
if we consider certain facts in regard to the influence of lime on 
the physical properties of Portland cement. Practical experience 
has shown that cements containing much free lime are unsound, 
and that concrete made from them will in time disintegrate. This 
is due to the expansion of free or uncombined lime when it reacts 
with water to form calcium hydrate. If, however, the lime in 
cements is all combined, they are sound and of good strength. 
The importance of the reaction CaO + 2CaO.SiO, == 3CaO.Si0, 
is, therefore, apparent, since this reaction must go practically to 
completion in order that a sound cement may be produced. It has 
long been recognized that anything which will promote the com- 
bination of lime during burning will promote soundness in cement, 
and that the greater the percentage of combined lime the greater 
the strength of the cement. 

The average lime content of cement to-day is about 62.5 per 
cent., which is largely combined as 3CaO.SiO,, 2CaO.SiO., and 
3CaO.Al,O,. If the percentage of CaO were increased it would 
tend to combine with the 2CaO.SiO, to form more 3CaO.SiO.,, 
and would so combine if the time of burning were long enough and 
the temperature sufficiently high. Since practical experience has 


” The “ dusting,’ commonly observed in under-burned clinker when cooled, 
is due to the 10 per cent. expansion which accompanies the change of 8 
2CaO.SiO. (stable at the clinkering temperature) to y 2CaO.SiO:, the crystal- 
line form of dicalcic silicate stable at temperatures below 600° C. This dusting 
ordinarily takes place only when the clinker contains a very high percentage of 
8g 2CaO.SiO:, and does not take place when the clinker has been well burned. 
This 8 form of dicalcic silicate is, however, always present in a considerable 
quantity in well-burned clinker, so that the dicalcic silicate in cement clinker 
when cooled is in a state of unstable equilibrium. 
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shown that increased percentage of lime increases both the per- 
centage of 3CaO.SiO, and the strength of cements, it may be 
inferred that the strength of cements is largely due to the com- 
pound 3CaO.SiO,. If this is true, it is desirable that Portland 
cement should contain as high a percentage of this compound as is 
possible. An average Portland cement contains about 30 to 35 
per cent. of this constituent. That Portland cement contains such 
a small amount of 3CaO.SiO, is due partly to the fact that this 
constituent is formed with great difficulty and also to the fact 
that about 35 per cent. is the maximum yield which could be 
obtained from raw materials having the same CaO, Al,O., and 
SiO, composition as is now used. 

Before taking up, however, a discussion of the probable value 
of 3CaO.SiO, as a cementing material and the possibility of 
increasing its percentage in Portland cement, let us consider what 
is known as to the cementing value of the constituents of Portland 
cement, taking up first the changes which take place when Portland 
cement is mixed with water and hardens. 

When Portland cement is finely pulverized and mixed with 
water, a hard mass is formed by chemical action between the water 
and the constituents of the cement. ‘The first change undergone 
by the cement mortar in passing from a plastic to a solid state is 
called ** setting,’ which requires not over a few hours. After the 
mortar has set there is a gradual increase in the strength of the 
mass, and the cement is said to “ harden.”” It sometimes requires 
a year’s time for a cement to acquire its full strength. 

While there is still much to be learned as to the chemistry of 
the hardening of Portland cement, sufficient data on the hydration 
of the individual major constituents have been obtained to enable 
us to account for this gradual hardening and increase in strength 
and to indicate the relative value of these constituents as cementing 
materials. 

Let us now consider the hydration of the three major con- 
stituents, 3CaO.Al,O,, 3CaO.SiO., and 2CaO.SiO., in the order 
named. When pure 3CaO.Al,O, is mixed with water an 
amorphous hydrated material is first formed. This material sets 
and hardens very rapidly. The compound 3CaO.SiO,, when 
mixed with water, also sets and hardens rather rapidly. In the 
case of this compound, as in the case for 3CaO.AI,O,, the setting 
and hardening are due to the formation of an amorphous hydrated 
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material on the individual grains, which are thus cemented to- 
gether. The extent of the hydration or the percentage of 
amorphous material which each grain will yield depends upon the 
percentage of water used and the time. With a given percentage 
of water the amount of amorphous material formed from the 
compound 3CaQ.Al,O, in a given time is much greater than for 
the compound 3CaO.SiO,; that is, the compound 3CaO.Al,O, 
reacts with water much more rapidly than the 3CaO.SiO,. The 
compound 2CaO.SiO, reacts very slowly with water, and it is only 
after a long period of time that sufficient amorphous hydrated 
material is formed to cement together the grains of this compound 
and so form a hard mass. 

The amorphous hydrated material formed by the action of 
water on the constituents of cement does in time, no doubt, crystal- 
lize to some extent. From the data available it would appear that 
the crystals formed are calcium hydrate and some crystalline 
hydrate derived from 3CaO.Al,O,. Apparently no crystalline 
hydrate of the calcium silicates is formed. 

From this brief description of the action of water on the 
constituents of Portland cement it will be seen that the setting 
and hardening of Portland cement involve the formation of an 
amorphous hydrated material which subsequently partially 
crystallizes; that the initial set is probably due to the hydration of 
3CaO.Al,O, ; that the hardness and cohesive strength at first are 
due to the cementing action of the amorphous material produced 
by the hydration of this aluminate and of the 3CaO.SiO,: and 
that the gradual increase in strength is due to further hydration of 
these two compounds, together with the hydration of the 
2CaO.Si0.,. 

Of the three compounds which thus take part in the setting and 
hardening of Portland cement, the 3CaO.SiO, appears the best 
cementing constituent; that is, this compound is the only one of 
the three which when mixed with water will set and harden within 
a reasonable time to form a mass which in hardness and strength 
is comparable to Portland cement. The compound 2CaO.SiO. 
requires too long a time to set and harden in order to be in itself 
a valuable cementing material. The compound 3CaO.Al,O.,, 
while it sets and hardens rapidly, is rather soluble in water and is 


not particularly durable or strong. 
From this it would appear that the compound tricalcic silicate 
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is the essential constituent of Portland cement; consequently the 
higher its percentage the better the cement. Before discussing 
the nature of an investigation which might lead to the production 
of a cement containing a high percentage of this compound, how- 
ever, let us briefly reconsider the theories of Vicat in order to show 
the similarity between what appears to have been the ideal cement 
of his mind and tricalcic silicate. 

Vicat, it will be remembered, seemed to believe that the lime in 
cement mortar should be in a state of chemical combination, and 
that it were best that it should be so combined with gelatinous 
silica. 

When tricalcic silicate is mixed with water to form a mortar a 
gelatinous material is formed which is composed of hydrous lime 
and silica. Whether the lime and silica continue to be chemically 
combined or whether the gelatinous material is colloidal is still 
a matter of some uncertainty, although it would appear that this 
material is colloidal. 

The similarity between Vicat’s theoretical cement and tricalcic 
silicate is thus apparent. 

The basis for Vicat’s theoretical reasoning was undoubtedly 
derived from his observations on the action of hydrated lime when 
ground with water and pozzolana, a material which contains over 
40 per cent. silica, with smaller percentages of Al,O,, MgO, 
Fe,O., and alkalies. This mixture, commonly known as Roman 
cement mortar, it would now appear, sets and hardens in much 
the same manner as tricalcic silicate; in the case of Roman cement 
the formation of the gelatinous material, which subsequently 
hardens, being due to the action of lime water on the pozzolana. 
This action, however, is exceedingly slow, and it requires a much 
longer time for the completion of the hardening in Roman cement 
mortar than in mortar containing tricalcic silicate. This is un- 
doubtedly due to the nature of the chemical combinations of 
silica in pozzolana, which react with water much less readily to 
form gelatinous silica than is the case of the silica combined in 
tricalcic silicate. This circumstance, that gelatinous silica is re- 
leased with such readiness when tricalcic silicate is mixed with 
water, is probably the reason why this compound is such a valuable 
cementing material. Without discussing at length the nature of 
the cementing value of gelatinous silica, it may be well to state 
that it seems probable that certain of the toughest sandstones 
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(ideal concrete structures) are made up of grains of sand orig- 
inally cemented together with gelatinous silica which was gradu- 
ally deposited from solution on to the grains of sand and 
subsequently hardened. 

This foregoing discussion, which tends to prove that gelatinous 
silica is the most essential constituent of a cement mortar, is 
somewhat speculative. That such speculation is desirable is due 
to the fact that by formulating advance theories as to the probable 
outcome of an investigation one may sooner attain the end. It is 
essential, however, that theory and established fact be not 
confused. 

With this in mind, let us now consider certain possibilities 
which might increase the percentage of gelatinous silica in cement 
mortars. We know at the start in such an investigation that 
tricalcic silicate is probably the only compound containing silica in 
combination in such a manner that it is readily released to form a 
thin coating of gelatinous silica when mixed with water to form a 
mortar. Therefore, until some other compound is discovered in 
which the silica is combined in such a way that it is more readily 
available in the gelatinous state, the best way to increase its per- 
centage in cement mortars is to increase the percentage of tricalcic 
silicate in cement clinker. Unfortunately this is difficult, although 
there are several very interesting possibilities. 

Pure tricalcic silicate is formed by combination of lime and 
silica only with the greatest difficulty, the temperature of burning 
required, 1700° C., being too high for industrial practice. In 
order that this compound form readily and at a sufficiently low 
temperature so as to become a commercial possibility, it is neces- 
sary that some substance or substances other than lime and silica 
be present during the burning; these substances to be of such 
a nature that a low-melting, rather fluid flux is formed, so as to 
facilitate the combination of lime and silica to form tricalcic 
silicate. At present this flux is to a large extent furnished by the 
low-melting calcium aluminates in the clinker. 

In the discussion of the constitution of Portland cement we 
have shown that an average Portland cement contains about 30 to 
35 per cent. tricalcic silicate, a proportion which closely ap- 
proaches the maximum possible vield with the present percentage 
of flux; in other words, if the components are in the proportions 
of an average Portland cement. It has also been shown that an 
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increase in the lime content of an average cement will increase 
the percentage of 3CaO.SiO, if the conditions of burning are such 
that the reaction CaO + 2CaO.SiO, = 3CaO.SiO, goes to com- 
pletion. This, however, necessitates finer grinding of the raw 
materials, as well as burning for a longer time and at an increased 
temperature, factors which materially affect the cost of production. 
Now the data discussed above were obtained by applying the 
results obtained by an investigation of the equilibrium relations 
found to exist in the system CaO — Al,O, — SiO, to the actual 
manufacture of Portland cement; but this by no means implies 
that in presence of other components the conditions required for 
the production of an adequate amount of flux should not be more 
favorable and economical. In other words, the study of other 
systems may establish the economic possibility of producing a 
cement containing a high percentage of tricalcic silicate. For ex- 
ample, if some substance were substituted for the component 
Al,O, in the system CaO - Al,O,—SiO,, the study of the 
equilibrium relations found to exist in this new system would 
enable one to determine whether or not it would be economically 
possible to produce a cement containing a high percentage of 
3CaO.SiO, from raw materials of which the components are CaO, 
SiO,, and this third substance. Thus if Fe,O, were substituted 
for Al,O., we could, from the study of the system CaO — Fe,O, — 
SiOQ., ascertain the fineness of the raw material and the time and 
temperature of burning necessary to secure a clinker containing 
the highest percentage of 3CaO.SiO, which could be economically 
produced from raw materials of which the major components are 
CaO, Fe,O,, and SiO,. This would require that one determine 
the nature of all compounds formed in mixtures of these three 
oxides which when burned contain 3CaO.SiO,, and that we estab- 
lish the identity, melting temperature, and rate of formation of 
3CaO.SiO, in such mixtures. Instead of substituting a single 
substance, it would undoubtedly be more desirable to substitute a 
number of different substances, since the presence of several pro- 
duces a lower melting flux and thus makes possible the formation 
of 3CaO.SiO, at a lower temperature. By proceeding in this 
way to determine systematically the various mixtures of sub- 
stances which when burned give high percentages of 3CaO.SiQg, it 
would not seem at all improbable that we may discover some mix- 
ture which could be economically manufactured and which would 
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result in the production of a cement far superior to the Portland 
cement now made. 

In conclusion, let us recapitulate the main points contained in 
this paper. The value of Portland cement depends upon the fact 
that when finely powdered and mixed with water it forms a hard 
mass; and the strength and permanence of this mass depend upon 
the constituents of the cement. The major constituents are 
tricalcic silicate, dicalcic silicate, and tricalcic aluminate. Of 
these constituents, the compound tricalcic silicate is the one which 
hardens and develops the greatest strength within a reasonable 
time. This most important constituent, which is the one formed 
with the greatest dithculty, makes up only about 30 to 35 per 
cent. of an average normal Portland cement. It may be said, 
therefore, that the essential process for the manufacture of 
Portland cement is the formation of this compound, and that any 
improvement in this process yielding an increased percentage of 
tricalcic silicate will increase the cementing value of Portland 
cement. In order to determine the most economical process for 
producing tricalcic silicate in the highest percentages, it will be 
necessary to study the rate of formation of this compound in a 
series of mixtures of various substances; this, in turn, necessitates 
the determination of the equilibrium relations of tricalcic silicate 
at high temperatures in such mixtures. Such a procedure will 
lead sooner to the discovery of the optimum composition in various 
cases and for various purposes than the empirical, cut-and-try 
methods which hitherto have been the only methods tried. 


Geophysical Laboratory, 


Carnegie Institution of Washington, 
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THE RULING AND PERFORMANCE OF A TEN-INCH 
DIFFRACTION GRATING.* 


BY 
A. A. MICHELSON, Ph.D., Sc.D., LL.D., 


Professor of Physics, Ryerson Physical Laboratory, University of Chicago. 


THE principal element in the efficiency of any spectroscopic 
appliance is its resolving power—that is, the power to separate 
spectral lines. The limit of resolution is the ratio of the smallest 
difference of wave-length just discernible to the mean wave- 
length of the pair or group. If a prism can just separate or re- 
solve the double yellow line of sodium its limit of resolution will 
be 5°90°55%, or approximately one one-thousandth, and the resolv- 


5893 
ing power is called one thousand. 


Until Fraunhofer (1821) showed that light could be analyzed 
into its constituent colors by diffraction gratings this analysis was 
effected by prisms the resolving power of which has been gradu- 
ally increased to about thirty thousand. This limit was equalled, 
if not surpassed, by the excellent gratings of Rutherford, of 
New York, ruled by a diamond point on speculum metal, with 
something like 20,000 lines, with spacing of 500 to 1000 lines to 
the millimetre. These were superseded by the superb gratings 
of Rowland with something over 100,000 lines, and with a 
resolving power of 150,000.! 

The theoretical resolving power of a grating is given as was 
first shown by Lord Rayleigh by the formula R =i, in which 
n is the total number of lines, and m the order of the spectrum. 

An equivalent expression is furnished by R = ‘ (sin i + sin 4)» 
where / is the total length of the ruled surface, A the wave-length 
of the light, 7 the angle of incidence, and @ the angle of diffraction, 
and the maximum resolving power which a grating can have is 
that corresponding to / and 8, each equal to go°, which gives R = nf 
that is, twice the number of light-waves in the entire length of the 
ruled surface. 


* Presented at the stated meeting held Wednesday, November 17, 1915. 
The 64-inch gratings now ruled on the Rowland engine have a much 
higher resolving power—probably 400,000. 
785 
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This shows that neither the closeness of the rulings nor the 
total number determines this theoretical limit, and emphasizes the 
importance of a large ruled space. 

This theoretical limit can be reached, however, only on the 
condition of an extraordinary degree of accuracy in the spacing 
of the lines. Several methods for securing this degree of ac- 
curacy have been attempted, but none has proved as effective as 
the screw. This must be of uniform pitch throughout, and the 
periodic errors must be extremely small. 

For a short screw—for example, one sufficient for a grating 
two inches in length—the problem is not very difficult, but as the 
length of the screw increases the difficulty increases in much more 
rapid proportion. It was solved by Rowland in something over 
two years. 

Since this time many problems have arisen which demand 
a higher resolving power than even these gratings could furnish. 
Among these is the resolution of doubles and groups of lines whose 
complexity was unsuspected until revealed by the interferometer 
and amply verified by subsequent observations by the echelon and 
other methods. 

Others that may be mentioned in this connection are the study 
of the distribution of intensities within the spectral “ lines ”’; 
their broadening and displacement with temperature and pressure ; 
the effect of magnetic and electric fields, and the measurement of 
motions in the line of sight, as revealed by corresponding dis- 
placement of the spectral lines in consequence of the Doppler 
effect. 

All of these have been attacked with considerable success by 
observations with the echelon, the interferometer, and the plane- 
parallel plate. These methods have a very high resolving power, 
but labor under the serious disadvantage that adjacent succeed- 
ing spectra overlap, making it difficult to interpret the results with 


certainty. 

Some twelve years ago the construction of a ruling engine was 
undertaken with the hope of ruling g 
—for which a screw of something over twenty inches is necessary. 
This screw was cut in a specially corrected lathe so that the 
original errors were not very large, and these were reduced by 
long attrition with very fine material until it was judged that the 


ratings of fourteen inches 
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residual errors were sufficiently small to be automatically cor- 
rected during the process of ruling. 

The principal claim to novelty of treatment of the problem 
lies in the application of the interference method to the measure- 
ment and correction of these residual errors. 

For this purpose one of the interferometer mirrors is fixed to 
the grating carriage, while a standard, consisting of two mirrors 
at a fixed distance apart, is attached to an auxiliary carriage. 
\Vhen the adjustment is correct for the front surface of the 
standard, interference fringes appear. The grating carriage is now 
moved through the length of the standard (one-tenth of a milli- 
metre if the periodic error is to be investigated ; ten or more milli- 
metres if the error of run is to be determined), when the inter- 
ference fringes appear on the rear surface. This operation is re- 
peated,the difference from exact coincidence of the central ( achro- 
matic) fringe with a fiducial mark being measured at each step 
in tenths of a fringe (twentieths of a light-wave). As a whole 
fringe corresponds to one hundred-thousandth of an inch, the 
measurement is correct to within a millionth of an inch. 

The corresponding correction for periodic errors is transferred 
to the worm-wheel which turns the screw; and for errors of run 
to the nut which moves the carriage. 

In this way the final errors have been almost completely 
eliminated and the resulting gratings have very nearly realized 
their theoretical efficiency. 

A number of minor points may be mentioned which have con- 
tributed to the success of the undertaking. 

(a) The ways which guide the grating carriage, as well as 
those which control the motion of the ruling diamond, must be 
very true; and these were straightened by application of an auto- 
collimating device which made the deviation from a straight line 
less than a second of arc. 

(b) The friction of the grating carriage on the ways was di- 
minished to about one-tenth of that due to the weight (which 
may amount to twenty to forty pounds) by floating on mercury. 

(c) The longitudinal motion of the screw was prevented by 
allowing its spherically rounded end to rest against an optically 
plane surface of diamond which could be adjusted normal to the 
axis of the screw. 

Vo. 181, No. 1086—56 
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(d) The screw was turned by a worm-wheel (instead of paw! 
and ratchet) which permits a simple and effective correction of the 
periodic errors of the screw throughout its whole length. 

(ec) A correcting device which eliminates periodic errors of 


higher orders. 
(f) It may be added that the nut which actuates the carriage 


A=546!1 


Enlargement of photograph of the green mercury line y 5461, taken by H. L. Lemon with 
ten-inch diffraction grating in sixth order. Ruled surface, of inches X_2{ inches, 11,700 lines 
perinch. Mounted in Littrow form with eight-inch lens by Brashear. Focal length 20 feet. 


had bearing surfaces of soft metal (tin) instead of wood, as in 
preceding machines. It was not found necessary to unclamp the 
nut in bringing it back to the starting point. 

Finally it may be noted that instead of attempting to eliminate 
the errors of the screw by long-continued grinding—which in- 
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evitably leads to a rounding of the threads—it has been the main 
object to make these errors conveniently small; but especially 
to make them constant—for on this constancy depends the pos- 
sibility of automatic correction. 

The accompanying photograph made with a ten-inch grating. 
sixth order (actual ruled surface 9.4 inches by 2.8 inches), used 
in the Littrow form with an excellent eight-inch lens by Brashear, 
is given in evidence of its performance. The resolving power as 
shown by the accompanying scale of AngstrOm units is about 
450,000. The original negative shows a resolving power of about 
600,000. The theoretical value is 660,000. 

Doubtless the possibility of ruling a perfect grating by means 
of the light-waves of a homogeneous source has occurred to many 
—and indeed this was one of the methods first attempted. 

It may still prove entirely feasible—and is still held in reserve 
if serious difficulty is encountered in an attempt now in progress 
to produce gratings of twenty inches or more. Such a method 
may be made partly or perhaps completely automatic, and would 
be independent of screws or other instrumental appliances. 

It may be pointed out that an even simpler and more direct 
application of light-waves from a homogeneous source is theoret- 
ically possible and perhaps experimentally realizable. 

If a point source of such radiation sends its light-waves to a 
collimating lens and the resulting plane waves are reflected at 
normal incidence from a plane surface, stationary waves will be 
set up as in the Lippman plates ; these will impress an inclined pho- 
tographic plate with parallel lines as in the experiment of Wiener; 
and the only limit to the resolving power of the resulting grating 
is that which depends on the degree of homogeneity of the light 
used. As some of the constituents of the radiations of mercury 
have been shown to be capable of interfering with difference of 
path of over a million waves, such a grating would have a resolvy- 
ing power exceeding a million. 

This investigation has had assistance from the Bache Fund 
of the National Academy of Science, from the Carnegie Institu- 
tion, and from the University of Chicago. 

In addition to the grateful acknowledgment to these institu- 
tions, I would add my high appreciation of the faithful services 
rendered by Messrs. Julius Pearson and Fred Pearson. 
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Electrically-driven Rolling-mill Service by a Central Station. 
Anon. (Electrical World, vol. 67, No. 12, March 18, 1916.)—The 
objections which many central-station companies raise to rolling-mill 
loads (extreme fluctuations and consequent disturbing effect on line 
voltage) have been overcome, to a great extent, in the plant of the 
Central Steel Company, of Massillon, Ohio, by supplying energy to 
the main motor of its large blooming mill through a fly-wheel induc- 
tion motor-generator, regulating the slip of the latter, and so exciting 
the motor-generator and blooming-mill motor that peak energy is 
absorbed from the rotating fly-wheel, minimizing the disturbances to 
the electric system. Another feature of the installation is that the 
blooming-mill reversing motor is connected permanently with the gen- 
erator terminals without any control apparatus in series, the speed 
being regulated within the range of o-r. p. m. to 47-r. p. m. by chang- 
ing the generator field excitation. The generator and reversing 
motor are separately excited from a motor-driven exciter set em- 
ployed especially for this equipment, so that operation is dependent 
only on continuity of the alternating-current supply and not on the 
excitation system common to all equipment in the mill. 

When an ingot approaches the blooming mill the motor is turned 
over slowly until the rolls grip the metal, then the speed is increased 
to 47-r. p.m. to complete the roughing passes. During the finishing 
passes the motor speed is still further increased by weakening the 
motor field. Racing cannot occur when the motor is turning over idly 
before the metal enters the rolls, since the speed is practically indepen- 
dent of the load. This is a distinct advantage over operation with 
steam engines, since they usually race when operated without load, 
or come to a standstill when the rolls grip the metal. 

At the end of each pass the generator field is de-energized and 
the mill motor brought to rest by regeneration. During this period 
it “pumps” energy back into the fly-wheel generator set, thereby 
speeding it up preparatory to the gripping of the metal in the next 
pass. Approximately 7o per cent. of the energy required to accelerate 
the rotating parts of the mill is regained in this manner. Reversal of 
the blooming-mill motor is accomplished by reversing the direction of 
the shunt-field current, through the generator, residual magnetism 
being killed by automatically-actuated, field-forcing relays. In this 
operation accelerating relays increase the motor torque by cutting in 
resistance to decrease the field current of the main motor, thereby 
increasing the current through the motor armature. 

Although the reversing motor develops peaks of 8100 horse- 
power, the input to the alternating-current motor does not exceed 1200 
kilowatts. In other words, the central station's generating equipment 
need not exceed the rating required to generate 1200 kilowatts. 
Furthermore, the steam economies obtained under such conditions 
are considerably better than those obtained from operating a reversing 
engine directly from a boiler plant. At this plant from 20 kilowatt- 
hours to 30 kilowatt-hours is sufficient for rolling different grades of 
metal, including vanadium steels. 
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HIGHWAY PROBLEMS OF THE STATE OF 
PENNSYLVANIA.* 


BY 


WILLIAM D. UHLER,. 


Chief Engineer, Pennsylvania State Highway Department. 


THE commonwealth of Pennsylvania comprises more than 
44,000 square miles of territory. The total road mileage in the 
state is 97,850, or more than two miles of roadway to each square 
mile of land. This mileage would have been more than sufficient 
to have laid out this vast territory along sectional lines, as has 
been done in some of the western states, which procedure would 
have simplified the highway problems for the commonwealth. 

The earliest settlements in the state were in the extreme south- 
eastern portion, centring in and about this historic City of 
Brotherly Love, where William Penn brought the voyagers on the 
staunch little ship /]’elcome to found his colony as “a religious 
experiment.” 

Even before the autumn of 1628, when the /l’elcome arrived, 
the upper end of the Delaware Peninsula had been settled by the 
hardy Swedes, and even then the Indians who roamed the old 
\Velsh tract knew the sight of the palefaces. 

\Vith Philadelphia established by Penn and his adherents, the 
growth of Pennsylvania began. Of necessity these early settlers 
established their system of roads and lanes which later became 
the city streets. Within five years the more adventurous in the 
colony had crossed the Schuylkill and pushed into the virgin land 
to the west and north, and in 1687 the first main highway leading 
westward from Philadelphia was formally laid out. It was known 
as the French Creek Road and followed the western bank of the 
Schuylkill River to the contluence with French Creek, which point 
later became the site of the present Phoenixville, thence following 
French Creek to the westward. The highway was opened to a 
point near the Conestoga Creek, or River, and within a few vears 
was further completed through the town of Lancaster. 

* Presented at a meeting of the Mechanical and Engineering Section held 
Thursday, February 24, 1916. 
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One of the earliest notes made concerning highways in the 
province was on September 19, 1686, when the attention of 
Councill was called to * ye unevenesse of ye Road from Philad* to 
ve falls of Delaware.” This was the King’s Highway. Another 
mention in the records is on June 27, 1693, of the main highway 
between the Swede settlement on the Delaware and the Dutch 
settlement on the Hudson which, in this later day, we know as the 
Old York Road. This was laid out over 77 courses, 9610 perches, 
or 30 miles, and was confirmed January 7, 1713. 

So rapidly did the hardy young colony increase in population, 
through immigration, that the early days of the eighteenth century 


Culvert on state highway after improvement 


saw Pennsylvania, east of the Susquehanna River, well in process 
of permanent settlement. In fact, in those colonial days, when the 
site of this historic building was well out in suburban Philadelphia, 
the state of Pennsylvania had acquired through its settlements a 
road mileage of no mean proportions. 

These roughly-made roads, or trails, radiating in different 
directions from Philadelphia through the southeastern part of the 
state, were the parent branches from which spread and grew an 
intricate and complicated system of cross-lanes and by-ways now 
forming a part of the vast road mileage of the state. 

As was the case in nearly every instance in colonial America, 
the roads laid out followed the general direction of one of three 
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classes of trails: the Indian trail, animal paths, or waterway 
courses. For a few years the French Creek Road answered the 
requirements for traffic to the west from Philadelphia, although 
in the same year that it was opened a road was laid down from 
the western banks of the Schuylkill River to Old Haverford 
\eeting House, and in 1690 this highway was pushed still farther 
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westward, forming the beginning of the famous old Conestoga 
Road. In 1693 and 1695 this road was extended westward to 
the Susquehanna. The main line of the Pennsylvania Railroad, 
from Philadelphia to Lancaster, follows closely the original lines 
of this highway, although our historic records are misty in their 
references to its exact location after entering that part of the 
parent county of Chester which constitutes that county as we now 
know it. There seems to be basis for the belief that the Conestoga 
Road originally passed through the village of Goshen, now known 
as West Chester. 
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In 1701 a third highway was projected westward from Phila- 
delphia, referred to in the chronicles of the times as the Notting- 
ham and New Kensington Road. Later this highway was con- 
tinued through the colony of Maryland to Baltimore and became 
known as the Baltimore Pike. 

From these primary arteries, as has been said before, grew the 
system of cross-roads and interdependent highways belonging 
variously to the townships and counties. When the State High- 
way Department was reorganized in 1911, the original plan was to 
lay out a State Highway System which would connect the county- 
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seats in the state by means of the most-travelled and most direct 
roads. This laudable intention was frustrated, in a measure, by 
the desire of various communities to have greater mileage in their 
localities added to this State Highway System: the net result being 
that the Sproul Act, under which the State Highway System was 
designated, provided for 8800 miles being taken over by the com- 
monwealth. This was far too much. Nothwithstanding this 
fact, the Legislature of 1913 added more than 1400 miles to the 
system. Had it not been for the firm stand taken by Governor 
Brumbaugh, the 1915 Legislature would have continued to in- 
crease this mileage by adding other routes to the Sproul system. 

This vast mileage falls on the state to maintain and reconstruct. 
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From the viewpoint of highway efficiency, the system, as consti- 
tuted, makes for Pennsylvania’s greatest mistake. No other 
state in the Union has attempted the control of so great a road 
mileage. Rather, the practice has been to take over those high- 
ways which have been reconstructed with a permanent type of road 
material and to assume no responsibility for their maintenance 
prior to that time. 

Far better would it have been for Pennsylvania had a main 
line system of roadways been adopted directly connecting the 
county-seats and following the main courses of travel east and 


Improved state highway, showing bituminous concrete wearing surface. 


west and north and south. This would have meant a State High- 
way System not exceeding 3300 miles, which would have been 
feasible and comparatively easy to maintain with the revenues at 
the disposal of the commonwealth for highway purposes. 

At the present time the department is working up such a 
comprehensive plan of main arteries. It is proposed to secure, if 
possible, the approval of Governor Brumbaugh to this plan, in 
which event all permanent improvements in the future will be 
limited to this main system until it is completed, after which the 
laterals will be improved from time to time as appropriations 


become available. 
In taking over and assuming the responsibility of 10,200 miles 
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comprising the system, only a small percentage of which was 
improved, the state shouldered a burden too great to be carried in 
a proper manner. To demonstrate the wisdom of the policy 
adopted in other states, I would call your attention to the fact that 
the Pennsylvania State Highway Department during 1915 spent 
approximately four and one-half million dollars in maintaining the 
present system of 10,200 miles, and, from present indications, will 
spend during the year 1916 for the same purpose approximately 
three million dollars, making a total expenditure of seven and one- 
half million dollars in two years, with nothing of any great 
moment in the way of permanency to show for it. The work 


Bituminous surface-treated state highway. 


done during 1915 was the maintenance of 6648 miles of earth, 
flint, gravel, and shale roads; resurfacing 525 miles of water- 
bound macadam roads; oiling 1084 miles of roads, and maintain- 
ing 1355 miles of stone and other improved roads. These figures 
show conclusively that the method under which we are working is 
by far the most expensive way to build up a road system. 

Had it been possible to expend this seven and one-half million 
dollars in permanent construction, from five to six hundred miles 
of highways could have been improved during the working sea- 
sons of 1915 and 1916, which, added to the 1880 miles of roads 
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already improved, would have furnished a satisfactory nucleus for 
the permanent highway system of the state. 

| might add that it is the policy of this administration to main- 
tain the present road mileage before attempting any new construc- 
tion work. We have a large mileage of old state-aid roads, 
together with toll roads taken over, which require resurfacing in 
order to save what little is left of the original improvement, so 
that, as before stated, the work done during the seasons of 1915 
and 1916 primarily has been and will be that of maintenance. The 
general practice in handling the various types of roads is as fol- 


‘ 


Effect of traction engine traffic on improved highway. 


lows: earth roads, to provide proper drainage and shape by use 
of road machines and to preserve the shape and contour by the 
liberal use of log drags; water-bound macadam roads, to resurface 
and patch where necessary and then to preserve this surface by the 
use of a bituminous surface treatment; brick, asphalt, concrete, 
etc., to make such repairs as may be necessary to keep the road in 
good condition. 

After all improved surfaced roads have been repaired they are 
taken care of under the patrol system which has been inaugurated 
in the department. This provides for the placing of caretakers or 
patrolmen in charge of sections of highway from three to five 
miles in length, depending upon the character of the road to be 
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maintained. Each patrolman is provided with such tools, ma- 
terial, and equipment to take care of his section of road properly. 
This method has been found to be not only more satisfactory but 
also more economical than any other devised for the maintenance 
of highways. 

There is no doubt but that the problems of the Pennsylvania 
Highway Department have been greatly complicated by the char- 
acter of the roads unloaded, as it were, upon the state. Ina 
number of cases roads which had been neglected for years and, in 
some instances, abandoned roads, were deliberately bequeathed 


3 


Earth road maintained with log drags. 


to the state. -\s an illustration of this, let me cite one section 
where five routes, leading north from one of the east and west 
main highways, were laid down within a distance of 20 miles. 
One route, 24 miles in length, is not open to traffic at the present 
time, as a portion of it runs over what is left of the right of way 
of an abandoned narrow-gauge railroad, the graded road-bed of 
which, for a greater portion of the distance, is not more than five 
feet in width. The rest of the location of this state highway 
follows old lumber trails which it would be necessary to re-locate 
and grade. 

The second route runs along the Susquehanna River. It 
should be, and undoubtedly was, a very important thoroughfare 
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to the northwest, but, when the railroad was built along the river, 
the right of way of the highway disappeared. To put a road of 
sufficient width in this location at the present time would require 
either the construction of a retaining wall along the river nearly 
the entire length of the road, or heavy grading to place the highway 
between the railroad and the mountain side, as high bluffs are 
encountered along the whole line. In either event this would mean 
an expenditure of at least twenty or thirty thousand dollars a mile, 
exclusive of road surfacing. 

The third state highway, in the locality to which I refer, is an 
historic one which virtually has been abandoned by the local 
authorities for the past generation. The right of way is covered 
with underbrush, and but little remains to indicate that it once was 
a prosperous and much-travelled highway to the frontier. 

Of the fourth state highway, running off from this east and 
west trunk line, only a short distance is safe for traffic. The rail- 
road built through here forced the re-location of this highway. In 
many places it was thrown up on the side hill to permit the railroad 
company the use of the original location. At several points the 
road now is not more than 8 or 9 feet in width, with almost 
precipitous slopes. 

The fifth of these highways is the only one that can be put in 
passable condition at a small expense. 

These examples simply serve to illustrate one of the many 
problems confronting the Department. Of these five roads only 
one would be used in a main system of highways. 

The toll road is another problem to be considered. At the 
time the Sproul Act was passed there were 717 miles of toll roads 
in Pennsylvania, of which 521 miles were taken into the State 
Highway System. Since that time 105 miles of these roads have 
been acquired by the State Highway Department through pur- 
chase, leaving 416 miles still on state highway routes, the major 
portion of them being in thickly-populated and heavily-travelled 
sections of the state. The toll roads, as originally built, were of 
great benefit in the early development of the state, but to-day one 
looks upon them as a relic of the Dark Ages. They are an 
anachronism! Nevertheless, this subject is one that must be 
reckoned with, and the expenditure of large sums will be necessary 
before all the toll roads are acquired finally by the state. 

We should not lose sight of the fact that the improvement of 
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our state highways adjoining these toll roads enhances the value 
of this form of private property and means a consequent increase 
in the price which the owners demand when the state gets ready to 
take them over. Most of the toll roads remaining in Pennsylvania 
are located in the southeastern corner of the state, forming a net- 
work of highways in and about Philadelphia, Lancaster, Lebanon, 
and York. 

By far the most important problem in connection with the 
development of an up-to-date State Highway System is in securing 
or providing revenues sufficient to permit of the construction of a 
main arterial system such as | have outlined previously. \Vhether 
such funds are to be derived through taxation or by a bond issue 
is a question to be decided by the public through the Legislature. 

Another problem which causes us great concern is that of the 
maintenance of bridges on state highway routes. The law pro- 
vides, or at least so it is interpreted, that all county-built bridges 
on routes are to be maintained by the county authorities, and ali 
bridges originally built or maintained by and at the expense of 
townships are to be taken over by the state. ‘This means that in 
many instances the county authorities neglect the maintenance of 
the bridges on the routes taken over by the state and the state is 
powerless to compel them to make the necessary repairs. The 
travelling public, however, not knowing the facts, naturally blames 
the department for such conditions. In a number of cases the 
State Highway Department has notified county authorities of the 
dangerous condition of certain bridges, but has been met either 
with a refusal to make the repairs or has received no reply what- 
soever, 

The State Highway Department, of course, has the usual 
trouble and problems as to the types of road to be built. It is im- 
possible to satisfy every one, but the invariable rule of the depart- 
ment is to consider carefully the local needs and conditions, 
together with the traffic, grade, original cost, and. maintenance 
charges, before making any decision as to the type to be selected. 
It is my personal opinion that the time has come when maintenance 
should be the principal governing factor, as in the construction of 
such a system of highways as is planned by this state maintenance 
will be the first item to be reckoned with. There is no doubt but 
that in the past insufficient attention has been given to the selection 
of the type of pavement suitable for local conditions. 
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Allowance must and should be made in the selection of the type 
of pavement for a constant increase and change in the character 
of the traffic. The type that made France famous for its good 
roads, water-bound macadam, as originally constructed and main- 
tained, will not meet the present-day traffic demands of the motor 
vehicles. 

Since the advent of motor vehicles still further demands are 
made by the constantly-increasing size and weight of motor trucks 
now being used, which creates an entirely new condition. There is 
no question but that either steps will have to be taken in the near 
future to control this class of traffic or else additional revenues 
must be raised to permit of more permanent types of construction, 
as the roads built in the past, in the majority of cases, are neither 
of sufficient width to permit the safe operation at high speed of the 
trucks as now constructed with bodies practically the size of freight 
cars, nor are the foundations sufficient to carry these excessive 
loads. 

The state at the present time derives no revenues from this 
class of vehicles other than the regular motor license fees of from 
five to twenty-five dollars a year, depending upon the size of the 
truck. This is another question that must be settled by the public 
through its legislative body. 

The question of experienced help, including engineers, super- 
intendents, foremen, and even laborers, is a problem confronting 
us at every turn. We have found it impossible to get sufficient 
skilled assistants, for the reason that road work, along modern 
lines, is in its infancy. It is necessary to educate the forces, and 
one of the chief troubles in holding together the necessary road 
organization is that it is impossible—in fact, impracticable—to 
provide work for them during the full twelve months of the year. 
This is because the character of the work will not permit of con- 
tinuous employment, and it becomes necessary, usually, to lay off 
approximately 75 per cent. of the force at the close of the working 
season. This means that the skilled assistants and good laborers 
look for work of a more permanent character. Again, in certain 
parts of the state we have found it impossible to secure any kind 
of labor and this, of necessity, makes necessary the importation of 
foreign labor, with all of its drawbacks. 

In conclusion, aside from the actual building and maintaining 
of roads, still another and a very vital question is the proper ad- 
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ministration of the affairs of the department. ‘Too often has it 
been the case in public office in this country that political prefer- 
ment has been exercised to so great an extent that efficiency has 
been impaired. 

In appointing Commissioner Cunningham, Governor Brum- 
baugh gave him to understand fully that he expected a businesslike 
administration of the State Highway Department; efficiency is 
the first consideration. Removals, promotions, and appointments, 
in both the Engineering and Executive Divisions, have been made 
solely upon merit. The result is that to-day Pennsylvania has an 
efficient and economically-operated Highway Department. 


Water Power and Defence. W.R. Wuitney. (Proceedings 
of the American Institute of Electrical Engineers, April 26, 1916.)— 
The United States has no adequate source of fixed nitrogen. Nitric 
acid is an absolute necessity in the manufacture of any form of 
explosive stuffs. Ammonia or nitrate compounds are in increasing 
demand as fertilizers. The present dependence upon Chile is a 
menace in case of war and involves the payment of export duties 
and profits amounting to nearly $5,000,000 annually in time of 
peace. Home production is wholly a question of initiative and 
proper utilization of water power. Failure to establish the industry 
in the past has been due to economic conditions, such as the relative 
proximity of Chile and the impossibility of competing with the 
cheap water powers of Scandinavia as well as lack of a near-by 
agricultural demand. The growing need for fertilizers, the desir- 
ability of establishing a dyestuff industry, and, especially, the feel- 
ing of uncertainty in international relations make a reconsideration 
desirable. 

National safety demands the development of a nitrogen fixation 
industry, whether it be self-supporting or not. But, the industry 
once established, the products would be of the greatest value in 
times of peace and would be stimulated thereby. Thorough in- 
dustrial organization is the best preparedness for either peace or 
war. Each of the processes available has advantages. The problem 
is many-sided and far-reaching, and hence it is very desirable that 
the various government departments concerned, those of the Army, 
Navy, Agriculture, and Interior, with their skilled staffs and expert 
knowledge, should codperate in determining the course to be taken. 
Immediate action is very important, since at least two years will be 
consumed in getting any process available into operation after a 


decision is reached. 
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THE PRODUCTION OF LIGHT BY ANIMALS.* 


BY 
ULRIC DAHLGREN, 


Professor of Biology, Princeton University. 


THE LUMINOUS CRUSTACEANS. 


A large number of crustaceans are known to light, particu- 
larly some numerous forms that live for the most part in very deep 
water. Practically all of the luminous species are pelagic or bathy- 
mic in their habit, and we find some quite simple sorts of light- 
organs as well as some of the most highly differentiated and organ- 
ized kinds. As in the cephalopod mollusca, two chief sorts can be 
distinguished: those that have an external form of combustion and 
which squirt the luciferine out into the sea-water, and those that 
have an internal form of combustion (oxidation from the blood) 
and have their organs furnished with reflectors, lenses, etc. It 
can also be noticed that the various types of organs have developed 
quite independently and have no phylogenetic or evolutionary 
relationship with each other. 

We will consider the following groups of organs: 1. Those 
found on the Ostracod. 2. Those met with among the Copepoda. 
3. The light organs possessed by the Schizopod crustacea. 4. 
The decapod types of light organs. 


Ostracoda, 

Mangold gives a very complete account of the various works 
that have been done on the Ostracods (see Fig. 1). Godeheu de 
Riville first noticed, in 1754, great quantities of these small crusta- 
ceans in the waters of Malabar giving out a sky-blue light. Muller 
mentions this and further tells of a number of species of this 
group that showed light, as Pyrocypris chierchie, Pyrocypris rivil- 
lii, Pyrocypris mollis, Cypridina gibbosa, and, most remarkable, 
he makes the statement that Conchoecia clausii, a fresh-water 
species, gives light. If true, this is the only kind of organism 
living in fresh water that has been known to give out light. It 
seems to be an error. 


+ Continued from page 696, May issue. -_ 
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Among others who saw the light from marine Ostracods are 
Claus, Chierchia, Mortensen, Hansen, Tilesius, and Doflein. The 
latter has made the latest and most complete study of the subject 
and actually described the structures of the organs through which 
the phenomenon is brought about. No satisfactory physiological 
studies have been made of the subject beyond a few rather super- 
ficial notes. 

It was noted by several of the earlier observers that the light 
material was burned externally and, further, that it was produced 
in extraordinarily large quantities. Mechanical stimuli, as well as 
a few cases of chemical stimuli, were employed. In one case the 


1. 


General view of an Ostracod crustacean. The whole group of very many sorts are remark- 
shells thet cover the body sad Ske tie 
small animal was thrown into alcohol and the light persisted for 
nearly fifteen minutes. ‘This evidently indicates that an internal 
light is also possible. In corrosive sublimate the creature gives 
one strong flash and then all is dark. Evidently the sublimate has 
a greater power of penetration than the alcohol. The luciferine 
continues to light in the water in which the animals have dis- 
charged it for a long time and with great brilliancy. When a 
number of the crustaceans were shaken in a vessel of sea-water one 
could read by the light. 

Doflein has shown much of the structure of the organ (see 
Fig. 2). It consists of an invaginated reservoir that opens through 
the upper lip of the animal through three separate ducts (O). 
Miller shows these ducts in Pyrocypris as seven in number, also 
opening through the upper lip. In Fig. 2 this reservoir is shown 
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by the stippled area. Its structure, or rather the structure of its 
walls, has not been sufficiently worked out. 

At the bottom of this reservoir is a secondary invagination, 
the luciferine gland (PD), in which that light-producing material 
is secreted. The structure and position of its constituent cells 
are not more than indicated, and they should be carefully studied 
at some future time and an attempt made to distinguish between 
a luciferine and a luciferase type. 

The gland evidently secretes and stores up a large quantity 
of the material in the reservoir. This will explain the large 
amount that is suddenly ejected. The method of ejection is easily 
seen when the diagram is examined. Several bundles of muscle- 


FiG. 2. 


Schematic drawing of the anterior part of the head of the Ostracod Pyrocypris, showing 
the upper lip, in which are seen fine canals. O., openings through which the luciferine is dis- 
charged; D., light-gland; R., luciferine reservoir; M., muscle-fibres that compress the reservoir, 
and thus discharge the luciferine. (After Déflein.) 


fibres (7) pass from the dorsal wall, of the head cavity in which 
the gland and reservoir lie, to its ventral wall just over the 
cesophagus. When these muscle-fibres contract the reservoir is 
put under considerable pressure and the stored secretion is forced 
out of the openings in the lip (O). 

Several pigment-cells are associated with the reservoir, al- 
though they do not seem to take any part in its operation. It 
is possible that when the organ is active these chromatophores can 
be extended in such a way as to cut off any light existing inside the 
reservoir and prevent it from shining on the brain or other internal 
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Copepoda. 

The lighting of various Copepods is one of the best-known 
facts in our knowledge of the crustacea. The facts were reported 
by a number of early writers among whom are Boeck, Buckholtz, 
Dahl, Vanhoffen, Apstein, and Kiernik; but it was the long-con- 
tinued, careful, and ingenious work of Giesbrecht at Naples that 
made the idea so widespread that amateur zoologists and even 
intelligent travellers would say “‘ Copepods ’”’ when they saw any 
luminosity in the wake of a steamer at sea. 

Owing to their small size and to the suddenness of the light, 
also to the large numbers of different kinds that are usually caught 
in the net at one time, it is very difficult to lay one’s hands on the 
particular individual that has made the flash and to make it repeat 
the act under conditions that allow the investigator to be certain 
that it is a luminous Copepod. 

Consequently we have had many such determinations made in 
the past that have been contradicted or even proved to be errone- 
ous. This proof (a negative evidence) is even harder to establish 
than the proof that a form is light-producing. We will therefore 
content ourselves with examining a few of the well-known 
luminous forms in which we can be certain that the light-producing 
power is present. 

The first of these forms consists of several species of the genus 
Metridia, which will be treated of more or less collectively because 
of some doubt as to their specific determinations and also because 
of our lack of knowledge of the structure of their organs. In 
1864 Boeck observed on the coast of Norway two forms, pre Ibably 
Metridia hiberinca and Metridia longa, which when disturbed gave 
out a strong blue light. Later, Buckholtz noted a luminous 
Copepod which he called Diaptomus castor, but which was prob- 
ably Metridia longa. They were found in Spitzbergen in large 
numbers in 1874. ‘The light appeared, when the animal was dis- 
turbed, on the head and seemed to spread all over the thorax or 
even the posterior part of the body. 

In 1875 Lilljeborg observed these creatures again in Spitz- 
bergen in the months of December and January in the bays. His 
attention was called to them by the fact that the wet snow lining 
the shores showed numerous points of a greenish-blue light, and 
upon examination he found that the little waves from the bay 
(Mosselbay) were throwing spray and water over this snow and 
that the Copepods were thus deposited through its upper layers. 

Of course, the snow had a temperature in the neighborhood 
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of the freezing-point, and the animals, being caught and held 
helpless, showed what the writer has often seen, a steady, some- 
what weak, but long-enduring light. When free and at home 
in the sea they gave only a few stronger flashes when mechanically 
disturbed. Nearly all of the flashing forms have this same “ dis- 
tress reaction,” and it may extend to a point where the organism 
is actually dead and for some time after. Its explanation prob- 
ably lies in the breaking down of the vital activities by which the 
stored luciferine is protected from the action of the surrounding 
oxygen or luciferase, or both, so that the stored supply of luci- 
ferine is slowly consumed. 

Vanhoffen had an opportunity to study Metridia longa at 
Karajak, in North Greenland, in February, 1893. He placed the 
animal in a drop of sea-water under a cover-glass and saw the 
lighting with a microscope. The light appeared in the posterior 
region of the head or on the neck (if a Copepod can be said to 
possess a neck). At times the light appeared to extend over the 
entire body. When the cover-glass was pressed with a needle the 
light streamed out from the body in clouds in the water. When 
Metridia longa was examined with the microscope in daylight it 
was seen to be colorless except for two moss-green spots on the 
posterior part of the head and other greenish spots on the last 
abdominal segment. These green spots appeared to be the light- 
glands. The green color appeared to be due to the color of the 
secreted luciferine rather than to the tissues of the gland or its 
surroundings. 

Vanhoffen decided that the light was due to the secretion of 
glands, but was not certain as to whether this secretion lighted 
while still in the glands or only upon its discharge into the sur- 
rounding sea-water. It appeared to him that it might very well 
be an internal lighting, and that the streaming out of the luminous 
substance might be due to the pressure on the organism’s body 
when it was squeezed between the glass slide and cover-glass and 
a consequent rupture of the surrounding tissues. 

Knowing the uncertainty and the many contradictory reports 
concerning the lighting of Copepoda, Giesbrecht paid particular 
attention to the subject during the many years of his patient and 
careful labors on this group at the Naples station. As a result of 
these careful observations he proved that many careless or hasty 
reports were not founded on fact, and he definitely established 
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the lhght-producing powers of five species that are found in that 
region. ‘These five species are as follows: 

Family Centropagida: Pleuromma abdominale, 
Pleuromma racilis, Leuckartia flavicornis, and Hetero- 
cheta papilligara. 

Family Onceidw: Oncea conifer. 

His method was to filter quantities of tow, that contained a 
medium number of Copepods alone, through a bolting cloth or 
other filter. As the water went through and the animals were left 
stranded on the filter some of them gave out sparks of light. This 
was best seen in the first months of the year when the filter would 
sparkle with numerous points of light, so bright that they could 
even be seen in a room in ordinary daylight. In the summer and 
fall, however, the light was not seen, showing that the power was 
developed only in the late winter and spring. 

Thus we see that, as in other forms, only a few species of 
Copepoda can really light: four kinds out of the hundred or more 
that are found in the Bay of Naples that is very rich in these forms. 
Undoubtedly other luminous species will be discovered upon search 
in other waters, but to date these five and the Arctic forms, 
Metridia longa and Metridia hiberinca, are the only seven that can 
be named as having the light power. Giesbrecht was able to 
establish the non-luminous character of a large number of species 
found among twenty other genera from Naples. 

Giesbrecht studied the form Pleuromma abdominale (Fig. 3) 
by isolating fresh-caught individuals on a slide in a few drops of 
sea-water and covering them with a cover-glass. The amount of 
water was such that the Copepod was not pressed upon hard 
enough to harm it in any way, and at the same time it was held 
firmly enough to keep it from changing its position easily. He 
found it necessary to control the conditions of light and darkness 
in the room because the chitenous shell was apt to reflect the day- 
light in such a way as to simulate a flash of autogenous light or 
even to mask a real display. 

As a means of stimulation he first employed a tapping or slight 
pressing on the cover-glass with a needle. Then the temperature 
was raised and, finally, various chemical means were employed, as 
adding distilled water, glycerine, formol, sublimate, and several 
kinds of strong acids and alkalies. 

Under the weaker of these stimuli he saw spots of light appear 
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at various points on the body, which he recognized as the points 
at which certain moss-green flecks appeared by ordinary daylight. 
Further, he recognized these spots as the seat of integumental 
glands, such as are common at many various points on the body of 
all Copepoda, excepting that they have the moss-green color only 
in case of their being light-organs. 

When stimulated more violently the light not only appeared at 
these spots, but was forcibly ejected from the mouths of the glands, 
so hard in some cases that it lighted for some distance from the 
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General view of the luminous Copepod crustacean Pleuromma abdominale. L. indicates 
body of the animal, as much as its own length. The light seemed 
green rather than blue in color. 

The various light-glands were counted and located. They 
formed very definite organs, always appearing in the same places 
in different individuals of the same species (Fig. 3, L.). The 
form being studied, Pleuromma abdominale, has eighteen of such 
glands, of which only a few are shown in Fig. 3. Giesbrecht 
enumerated them as follows: three—one median and two lateral 
glands—lie close together in the forehead. Four form a pair on 
each anterio-lateral corner of the second thoracic segment. Four 
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more appear as a pair on each posterio-lateral end of the anal 
segment, a pair is found on each side of the distal part of the 
furca, and a single organ is placed just above the pigmented organ. 
Two more appear on the under side of the head near the organ of 
the mandibles. 

These glands were fairly large, pear-shaped, and lay close 
against the shell. Unfortunately they were not studied in sections 
as to their cellular structure and nerve and blood supply. The 
number and arrangement of the light organs were exactly alike in 
both sexes. In all of the luminous forms the light-organs went 
back into the earlier stages, as is common in crustaceans and 
insects. The organs were best traced back in the several larval 
stages of Pleuromma abdominale. Thus the IV and V Cope- 
podid-stages were shown to have exactly the same number and 
arrangement of light-glands. The I-III stages appeared to have 
very much the same number and position of light-organs, but 
Giesbrecht was not quite satisfied that he had correctly seen and 
counted them. He felt that all glands were not present in these 
younger stages. In the first week in January he found a large 
number of Nanplins stages that seemed to belong to Pleuromma 
abdominale or Pleuromma gracile, and each showed three light- 
organs: one on the forehead, as in the adult, and two small ones on 
each side of this median gland. 

Pleuromma gracile has seventeen light-organs, arranged in 
much the same way, while Leuckartia flavicornis has only ten. All 
of them showed the same moss-green color and are evidently the 
same sort of gland. Heterocheta papilligera has light-organs that 
are of a much paler green color than those just mentioned, and also 
the glands seem to be almost entirely emptied when the animal is 
first caught and picked out for study under the microscope. There- 
fore, it was not possible for Giesbrecht to count the glands or study 
their operation. This species seemed to have more than eighteen, 
however. They appeared to be arranged in pairs and groups that 
either possessed a common duct or had their single ducts very 
closely placed together. Some of the glands were located as 
follows: two pairs in the head, with ducts opening laterally; three 
glands on each side in the anal segment; one in the furca; three in 
each basal joint of each antenna; two in the distal part of each 
maxilla; two or three in the third joint of the second, third, and 
fourth swimming foot, besides a number of others in different 
parts of the body. 
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Oncea conifer (Fig. 4), a form belonging to an entirely dif- 
ferent family, showed a quite different appearance and arrange- 
ment of the light-glands. They were more irregular and larger, 
with shorter ducts in the head, while those in the abdomen pos- 
sessed longer ducts and were still larger. The size varied with 
the condition of fulness or of exhaustion of the secretion. Also 
the light material (luciferine), which seemed to consist of large 
droplets of a greenish oil in the above forms (Centropagidz ), 
was here of a granular nature, as seen in sifu in the living animal. 
Furthermore, the light which was decidedly greenish in the former 
described animals, was of decided blue in this case. 

Only the secretion of the body glands lighted in Onc@a. Those 
on the limbs did not. Nor were the light-glands segregated into 
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Lateral view of the luminous Copepod, Oncaa conifer. (After Giesbrecht.) 


groups, but were scattered all over the surface of the body, espe- 
cially the back. They were much more numerous than in any of 
the other forms, although they were not counted as exactly as could 
be wished. At least thirty were present on the head alone, and 
the total number must have been more than seventy in all. More 
were present in the larger female than in the male. 

We still lack any idea of the cellular structure of these glands. 
Giesbrecht considered them to be physiological modifications of 
the integumentary glands that are numerous in the Copepods, and 
is probably quite right in this idea. It would probably not be diffi- 
cult to see them in total specimens that had been fixed in any picric- 
acid fixing fluid and stained in bulk in carmine or picric-hamatoxy- 
lin. Nor would it be difficult to cut sections, in the writer’s 
opinion, and to see their structure with iron hematoxylin or any 
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other of our best stains. This would be one more of the many 
interesting pieces of work to be done to enlarge our knowledge of 
the luminous animals. 

Giesbrecht found that it was quite easy to place these five sorts 
of Copepods upon a bit of dry filter-paper and to dry them out in a 
current of air in a window without the loss of the light secretion. 
He kept them dried in this way, and days or months afterwards 
was able to moisten them and see the light reappear. He could 
also keep them, dead, for some time, in glycerine and then, by 
placing them in sea-water, again get the light. The secretion con- 
sisted, as above stated, of greenish-yellow droplets or of granules, 
all of which appeared homogeneous. They were not any form of 
living protoplasm, but a lifeless material of specific chemical com- 
position which retained its power to light after the death of the 
tissues, and especially after being kept in a dry state. 

Giesbrecht made many experiments by treating the secretion 
with common chemicals. But, since he did not know of Dubois’s 
experiments and discovery of the catalytic agent called luciferase, 
his work in this line has not sufficient value to form a part of this 
treatise. He did note the fact that each of the green-colored light- 
glands lay in the neighborhood of some of the colorless and undif- 
ferentiated integument glands, and it seems to the writer highly 
probable that those same integumental glands probably secreted the 
luciferase. 

The biological meaning or ecological use of the light to the 
Copepods was well stated by Giesbrecht. He noted that it cannot 
be a sex lure through the eye, because, while some of the seven 
luminous species have very small eyes, the majority have no eye 
at all. It is probably used as a sacrifice lure. The animal, when 
disturbed or attacked, shoots the light-cloud out and then swims 
away, leaving the fast-disappearing light material to claim the 
attention of its enemy while it escapes itself. It can hardly be a 
warning signal, as all of the copepods are readily eaten by certain 


other animals. 

One group of broad, flat Copepods, the family Coryczediz, are 
noticeable for the magnificent color that is found on parts of or on 
all of their bodies. The best-known member of this group is the 
species Sapphirina ovatolanceolata, a pelagic species that is com- 
mon in the waters of the Bay of Naples. The color of this and 
the allied forms is due to diffraction phenomena caused by the 
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structure of the integument. As they move, the reflected light 
appears in all the colors of the spectrum, and one sees them sparkle 
with everchanging hues of green, gold, blue, violet, orange, etc. 
Several writers have mistaken these brilliant colors for autogenous 
light, and some serious descriptions have been written of this 
phenomenon in that error. Such a mistake is easily made, as can 
be seen from the following: Some graduate students of Prince- 
ton University took another species of this group in the tow at 
Montego Bay, on the Island of Jamaica. While going over this 
tow at night by weak lamplight to pick out all luminous forms for 
the writer, they took this animal for a lighting form, because, at 
intervals, it gave out a bright orange to ruby-red light from its 
posterior end. Upon examining it carefully in Princeton during 
the following winter, after it was preserved in formol and alcohol, 
it was found that the * light ’’ was still present. In this organism 
the diffractive structure was present only in two of the large, flat 
appendages of the tail, and as the creature swam and turned, they 
shone by the reflected light, whenever the angle was right between 
the lamp, the object, and the observer's eve. Under the micro- 
scope they could be turned in a glass tube so as to show the most 
beautiful and brightest colors. We have in these organisms some 
of the most deceptive resemblances of a real autogenous light 
pre xluction. 


Schisopoda. 

The Schizopoda form a group of the higher crustacea, being 
one of the suborders that compose the lower half (in morpho- 
logical value, but not in numbers) of the order Podophthalmata, 
of which the familiar sub-order of Decapoda form the higher part. 
There are two families of the Schizopoda, the .V ysid@, which have 
no luminous members, and the Euphausid@, many of whose mem- 
bers are light-producing. It is with these that we will deal in the 
following pages. 

There are many species of these medium-sized, shrimp-like 
animals, and they are found in all seas, mostly leading a pelagic 
life, some few on the surface, many more in depths of from 25 to 
1000 metres. They are commonest near the bottom and in 
intermediate depths of about 300 metres. 

One of the earliest observations made on these animals was 
that most of the forms were provided with a number (ten) of 
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round, pigmented, eye-like organs placed on the first four ab- 
dominal segments between the bases of the swimming legs, as well 
as on the underside of the thorax and on the eye-stalk. From 
their rounded shape and the presence of a lens, an iris-like opening, 
and many other features, these organs were taken to be simple 
eyes, like the ocelli of insects, and they were called the “ accessory 
eyes’ by many naturalists, including such specialists in the 
crustacea tribe as Claus, and others as well known. It was the 
practical experience in the field obtained during the Challenger 
Expedition that led Sir John Murray and G. O. Sars to learn that 
these were not organs to receive light (an eye), but that they were 
organs to produce and discharge light—real light-organs. Patten 
erroneously clung to the idea that these were real eyes as late 
as 1886. 

Since that time papers have been written on the structure 
and physiology of these organs by Vallentin and Cunningham 
(Nyctiphanes norvegica), Chun (several genera), Giesbrecht 
(several forms), Hansen (several genera), Illig (Gnatho- 
phausia), Trojan (Nyctiphanes conchu), and others. 

Taking advantage of these several careful investigations, the 
writer will attempt to generalize and describe the general prin- 
ciples on which these organs are constructed, with some reference 
to their origin and development and their use in the several forms. 

In the majority of the luminous forms the organs are ten in 
number and are distributed as follows: Two are found, one each 
on the outer portion of the eye-ball or eye-stalk. The outer 
surface of this organ is flush with the general surface of the eye. 
Four occur as two pairs placed on the lower outer edge of the 
thorax—one pair near the origin of the second thoracic feet, and 
the second pair near the origin of the seventh pair of thoracic 
feet. These round structures protrude for more than half their 
diameter from the general surface of the body. The remaining 
four photospheres, as these organs are called, are placed on the 
median ventral surfaces of the first four abdominal segments, 
between the bases of the swimming legs. Each of these latter 
organs is placed directly under and partly imbedded in the sub- 
stance of the nerve-ganglion belonging to the segment on which 
it lies. Fig. 5 shows this condition. 

This arrangement holds for the large majority of luminous 
Euphauside, and we do not find any form that possesses more 
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than the ten organs noted above. On the other hand, there are 
many that show a smaller number, running down to only three in 
the genus Stylochiron. In cases where the organs are less than ten 
in number the first organ that is missed appears to be the posterior 
abdominal organ. When several abdominal organs are absent in 
any form, then the first or most anterior pair of thoracic organs 
also are not developed. The eye-organ appears to be absent only 
in extreme cases, as in some species of Stylochiron. Fig. 6 shows 
the lights as they appear in Nyctiphanes norvegica during their 
living activity. 

In the structure of the organs we find two types in nearly 
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Lateral view of an abdominal light-organ or photosphere of Nematoscelis mantis to show its rela- 

tion to the nerve ganglion. (After Chun.) 
every species. First, and for certain reasons the most primitive, 
is the type of organ found on the eye-stalk. Secondly, we find, as 
a more specialized type, all the other organs, which are practically 
the same in size and structure in any given species. These thoracic 
and abdominal organs are more highly differentiated than the eye- 
stalk organs. 

Fig. 7 and Fig. 8, A and B, show one of these eye-stalk light 
organs from Nematoscelis rostrata and two stages of the same 
organ from Stylochiron mastigophorum. \We will consider the 
various layers and structures from the proximal, rounded end of 
the organ outward. 

The first region that is noticeable, especially in life, is a thin 
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layer of pigment, of a color that is usually Cinnibar red in these 
species from deeper water, but that is red-brown or even black in 
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Drawing of Nyctiphanes norvegica, swimming about some gulf weed that has drifted in by a 
stone pier. (Drawn by Bruce Horsfal after descriptions by the writer.) 


some of the species living inshore or in shallower waters. This 
layer is composed of flat polyhedral cells (P.) and extends distally | 
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about half the length of the organ, or as far as the real reflector ‘ 
extends. It appears to be a mesodermal structure, and its cells and 
nuclei can be seen to form a transition at the edges into the meso- 
dermal connective tissue of the stalk. The pigment is very delicate 
in most of the forms and is seldom preserved in the usual fixa- 
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Drawing of a section through the longitudinal axis of the eye-stalk light-organ of Nemato- ; 
scelis rostrata. N.,nerve; P., pigment; R., reflector; L.C., light-cells; R.M., rod mass; La., lamel- { 
le; Ca.,c apiliaries; Hy., hypodermis; Cu., cuticle; B.S. blood-sinus. (After Chun.) 


tives. The form of the cell-bodies remains, clearly seen, however, 
and can be distinguished clearly in Flemming and other good 
preservations. 
Directly distad of the pigment layer comes the reflector (R.), 
which also appears to be mesodermal in origin and forms a thick 
refractive layer enveloping the posterior half of the organ. It 
Vo. 181, No. 1086—58 
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forms a deep, narrow cup or a somewhat wider, shallower one, 
according to the species, or to whether it is an older or younger 
specimen. Its tissues are for the most part composed of waved 
strands or plates of some dense, deep-staining substance that is 
not guanin, and it loses most, but not all, of its reflective power 
when treated with the usual reagents and mounted in balsam. Its 
distal edge is thinned down to a sharp rim, and no nuclei are to 
be found in its body. Nor can we determine which layer of cells, 
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A younger (A) and an older a mastigophera. Lettering 
the proximal pigment-cells or the next distal (inner with respect 
to the organ) layer of cells, is responsible for its origin and 
maintenance. 

The next distal or inner layer of cells are thick, heavy gland- 
cells with strong, working nuclei. Their cytoplasm is filled with a 
granular material, and they are without doubt the specific cells of 
the organ, the luciferine-secreting cells or light-cells (L.C.). 
They form a single layer in nearly all cases, although sometimes 
they may lie obliquely over one another so as to form two layers 
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in places. As an evidence of their function and importance they 
are supplied by nerve-fibres and with a large, well-distributed 
blood supply. The large single nerve (.V.) approaches them from 
the proximal end of the organ, where it penetrates both pigment 
layer and reflector and its branches spread and divide, to be lost 
among the individual cells. The blood supply, on the other hand, 
approaches from the opposite or distal pole of the organ as a large 
vessel that divides and spreads radially, to also end as fine branches 
that pass as a plexus of capillaries among the light-cells (Ca.). 
The return of this blood is probably in the same direction through 
another vessel into the large distal sinus that will be described 
below. 

The inner surface of the cup-shaped layer of light-cells is in 
contact with the outside of another cup-shaped structure, the rod- 
mass (R. M.), which here seems to be a distal outgrowth of the 
main body of light-cells. The rods that compose this body are 
mostly directed in a parallel direction, distally, and they present 
an optical appearance that leads one to suppose them to be organs 
of refraction. In some of the organs of this type, especially the 
organs of larval stages, they appear to extend to the distal surface 
of the photosphere, and to the writer they seem to be a modified 
chitenous secretion of the light-cells. They thus stand, as one 
factor, in the evidence that these light-cells were invaginated from 
the hypodermis and that they thus have, in common with most 
other light-cells, an ectodermal origin. 

There are still several puzzles to solve as to their use in the 
organ. The distal cells of the light-organ pass over their edge 
and appear to fill the hollow of their cup-shaped body. 

We now have to deal with the most peculiar structures in 
connection with the organ, the lamelle (La.), as they have most 
often been called. These are a series of strong strands or plates 
that form a circular collar extending from the external chitin of 
the eye-stalk down to the distal edge of the cup-shaped reflector. 
In fact, in many, or even in most, forms they appear to be a part 
of the reflector. Trojan has called the structure the “ external 
reflector,” but the writer cannot agree with this. While they are 
also dense and refractive, they still show differences of appearance 
and of staining power, and in one point at least we can be clear: 
they are of direct epidermal origin. There is a clear and direct 
transition of the general outer hypodermis of this part of the eye- 
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stalk into these cells in the eye-stalk organs, and they are also 
continued into the hypodermal cornea that covers the outer face 
of the organ. Fig. 8A, shows this with especial clearness. Their 
nuclei are very large, somewhat elongate to fit the spaces between 
the lamellar rods, and form a direct row continuous with the nuclei 
of the hypodermal cells. 

A blood-sinus (B. S.) of some extent lies between the outer 
surface of the light-cells and the external cornea in Nematocelis 
but is poorly developed in Stylochiron. The latter is, therefore, 
the more primitive in structure of the two forms, and also the 
most primitive of any of this class of light-organs that we know. 
We can but speculate as to the first origin of this type of organ. 
An invagination to form the light-cells, the formation of the 


Lateral view of Nyctiphanes norvegica. The positions of the light-organs are indicated 
by black dots. Three of them, one eye-stalk organ and two thoracic organs, being on the other 
side, are not represented. (After Watasi.) 


external cornea by the closing of the opening and the lengthening 
of the peripheral hypodermal cells some distance from the original 
point of invagination to form the lamellze, is the most probable 
course of events in this process. 

Let us now turn to the other type of photospherium as seen 
on the thorax and abdomen of these animals. We evidently see 
here an organ that is built upon the same ground plan, but which 
has had other accessory structures added to it and has had some 
of the original structures changed to meet the new conditions. 
Fig. 9 shows a lateral view of Nyctiphanes norvegica, with the 
organs shown as black dots. 

The abdominal light-organ of Nyctiphanes norvegica has 
been studied by many and is probably one of the most highly 
developed and characteristic photospheria in the group. The 
corresponding organ of Nematocelis mantis will serve to show a 
photospherium of ‘the simpler structure in this type. Fig. 10 
represents a section of the light-organs of Nyctiphanes norvegica, 
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and Fig. 11, A and B, shows sections of the abdominal light-organs 
of Euphausia gracilis (A) and Nematocelis mantis (B). In 
general it can be remarked that these organs have not only become 
more differentiated, but that the whole structure has assumed a 
more compact and rounded shape and has grown to be partly 
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Section of a photospherium of Nyctiphanes norvegica. Pig., pigment-layer; R., reflector 
L.C., light-cells; C., capillary; L., lens; La., lamella; O.le., outer lens; R.M., rod mass; Hy., 
hypodermis; Bl. S., blood-sinus; Cu., cuticle. (Drawn by E. Grace White from a preparation.) 
freed from the surrounding tissues, partly because of large inter- 

vening blood-sinuses and partly because of more sudden transi- 
tions between the tissues of the organ and the general body tissues. 

Beginning with the proximal part, we find the same layer of 
pigment (Pig.) lying on the outside of the cup-shaped reflector 
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(R.). There is practically no difference between their structures 
as seen here and as seen in the eye-stalk organ, except that the 
“cup” is usually wider and shallower in the second type of organ 
now under consideration. Nuclei are present in the pigment- 
layer, which here is composed of two or three layers of flat cells 
with large, flat nuclei. No nuclei can be seen in the body of the 
reflector, and it is still a question if this structure is formed by 
the pigment-cell layer or by the inner (distal) layer of light-cells. 

These light-cells (L. C.) present no real difference from those 


Fic. It. 


Sections of the abdominal iight-organs of Euphausia gracilis (A) and Nematocelis mantis 
B). Pig., pigment-layer; R., reflector; R.M., rod mass; N., nerve; /.c., light-cells; La., lamell#; 
le., lens; o.le., outer lens; 6/1. si., blood-sinus; Hy., hypodermis; cu., cuticle. (After Chun.) 
described for eye-stalk organ. The same large, active, glandular 
bodies and semi-epithelial arrangements of the units are shown, 
as well as the same character of nuclei. \We see, too, a well- 
developed plexus of capillaries running between and through the 
cells. The layer is supplied with nerve-endings from fibre-trunks 
that approach it, not from the extreme proximal pole of the organ, 
breaking through pigment and reflector, but by several smaller 
trunks that reach over the edge of the reflector cup to enter and 
branch out in the light-cell layer (N.). 

The fibrillar mass or rod mass (fF. V7.) is also present and well 
developed. The rodlets that compose it show several minor differ- 
ences in the various species. Thus in .Vyctiphanes it shows several 
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combinations of directions of the rods, while in Nematocelis it is 
made up of rods all lying parallel to one another in a proximo- 
distal direction. In Stylochiron the rodlets are arranged radially 
to form a perfect sphere. 

The first new structure to be observed is a very perfect 
chitenous lens (Le.) placed on the distal opening of the light-cell 
cup and against the fibrillar mass. In form this lens varies from 
round, as in Euphausia gracilis, through various lenticular shapes 
to irregularly flat, as in Euphausia pellucida. The inclination is, 
however, in most cases, toward a real lens-shape that will focus the 
light at short distance from the animal's body. 

This lens has been mentioned as chitenous. Its composition 
has never been adequately worked out. It shows a color and 
staining reactions that seem to warrant one in calling it chiten. 
It also shows zones of fixation that make it appear that the body is 
of a soft or even semi-fluid condition in life. In most of the forms 
of Euphausidz the cells that form the lens are easily discerned in 
sections as a layer of large, flattened cells with correspondingly 
large and flattened nuclei. In Nyctiphanes norvegica this layer 
is very hard to see and appears to have lost its cellular nature. 
The origin of this lens and the morphological meaning of its 
controlling cell-layer are very puzzling. Practically no trace of 
it occurs in the eye-stalk organs unless certain cells of the light- 
cell mass lying outside of the reflector cup and against the lamellar 
ring are the analgen of this structure. Or, again, we would seem 
to be obliged to consider the lens as the result of a secondary in- 
vagination from the outer surface, with the cells of this infolding 
layer secreting the chitenous material from their distal surfaces. 
It appears certain that the presence of this lens divided the mass 
of light-cells into the proximal cup of real light-producing cells 
and a distal mass whose staining reactions and cytoplasmic struc- 
ture show a differentiation that indicate their non-participation in 
the light processes. 

Trojan considers these cells just outside the lens to be an 
external layer of light-cells in Nyctiphanes conchii. His figure 
certainly shows very little difference between them and the real 
light-cells. In other forms, however, especially in Nyctiphanes 
norvegica, real differences appear, and one cannot but come to the 
conclusion in this latter case that these outer cells have become 
differentiated into a secondary lens or outer lens (O. Le.). 
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In Nyetiphanes norvegica these cells have become arranged in 
a well-defined circular layer of definite thickness. At the outer 
edge this layer has been cut away to insert the ring of lamellar 
tissue (La.), which is still quite distinct from the reflector against 
which it lies. The position of this lamellar layer is very suggestive 
of a possible new function. Trojan and others have called it the 
outer reflector in the simpler organs. In its position and the 
direction of its lamellz or rods in Nyctiphanes norvegica it 
strongly suggests a muscular focussing arrangement. This view 
can be easily proved or disproved by the proper staining and other 
tests to determine if the lamellz are muscle fibrilis or not. 

Outside of the secondary lens and between it and the hypo- 
dermis of the cornea comes a large blood-sinus (B/. S.). The con- 
nections of this sinus and those of the strong capillaries that enter 
the light-cell layer have not been traced. This blood seems to be the 
only layer between the light-cells and the exterior that is not 
specialized for the transmission of light by being made transparent. 

The cornea is merely a somewhat thickened portion of the 
hypodermis with its cuticle. It has been rendered transparent for 
the passage of the light. ‘The uses of this light are somewhat 
obscure. But few real observations have been made, and some 
interesting speculations. Dr. William H. Dall, of the National 
Museum, has observed some Euphasid, probably Nyctiphanes, 
coming in vast swarms to the surface at night in the waters of 
Puget Sound in April, probably for purposes of breeding. They 
were lighting continuously and made a considerable luminosity 
in the water. Here it seems that they used their light in numerous 
flashes as a mating signal. 

The writer has seen them swarming at the surface in much 
the same way, on the surface and on the shores of Passamaquoddy 
Bay, in Maine, in latter July and August. This species was 
Nyctiphanes norvegica, and the animals were giving out flashes 
that were nearly as bright as a fire-fly. Fig. 6 was drawn from 
descriptions of this scene. The nerves supplying the organs were 
evidently used to cause and control these flashes. Miss Mildred 
Prince has also told the writer how these fall swarms of the same 
animals were thrown ashore in windrows on the beaches of 
Campobello Island, in the same region. These masses of animals 
were glowing continuously, when disturbed, with a weaker light 
than that shown by the flashes. This abnormal lighting or 
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* death-glow ”’ is characteristic of many creatures and shows a 
weakness or disorganization of the nervous powers. 

Chun discusses the light process and shows that it might be 
possible that the animal uses it to see its prey or other objects, 
since with the abdomen flexed all of the lights would converge 
on the region directly in front of the creature. He also calls 
attention to the fact that some of the photospheria, especially 
the abdominal organs, are capable of being moved in an anterio- 
posterior direction through a considerable arc by their possessor. 

The animal is not always easy to stimulate into the lighting 
condition. Sometimes a mere jar of the vessel of water in which 
they are will bring about a display. Usually, too, they light when 
removed from the water with the hand. At other times, however, 
one can jar or annoy them for a considerable time without seeing 
the light. When crushed or severely injured the steady “ death- 
glow” sets in. This can also be brought about by more minute 
injuries to the nerve-ganglia with a needle. 

We must now examine one of the lower forms of Schizopoda, 
Gnathophausia calcarata, captured by the German deep-sea expedi- 
tion in 1898, at a depth of 1326 metres. This form gave off a 
greenish light from about the mouth region. Illig observed that, 
when it was thrown into a picric-acid fixative, the luminous secre- 
tion was fixed in whitish strings by the preservative action of 
the fluid. 

He detected the exact point from which the secretion came, 
and found it to be a papilla situated on the base of the exognath 
of the second pair of maxillze, one on each of the pair of limbs. 
He cut longitudinal sections of this part and pictures the gland as 
seen under the microscope. Fig. 12 is copied from this drawing 
of Illig’s. 

The section shows an invagination into the body of the 
papillz, passing through the length of the papilla as a duct (D.) 
and expanding in the larger basal portion into a large, glandular 
reservoir (R.). The walls of the duct are of the same type as the 
external integument, a substantial hypodermis bearing a somewhat 
thinner cuticle. At the opening of the reservoir into the duct the 
cuticle is folded back, forming a peculiar, valve-like arrangement, 
the use of which is hard to determine. It is possibly of use in 
retaining the luminous fluid until the time of discharge. 

The reservoir is large and of sac-like shape. A clotted sub- 
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stance, resembling a blood-clot in Illig’s figure, occupies the 
interior. The wall is made of a thin layer of flat cells with 
flattened nuclei, the whole somewhat resembling the intima of a 
blood-vessel. The glands that secrete the luciferine (ZL. c.) lie in 
the walls of the papilla through which the light substance is 
ejected. But they do not open into the duct, but into a crevice in 
this wall that passes backward and discharges into the reservoir 
behind the valve-like edge of the opening from reservoir into 
duct. Illig has not described these glands carefully. His figure 
leaves one in doubt as to whether they are unicellular glands, which 
are almost unknown in crustaceans, or whether they are bunches 
of gland-cells arranged in the form of the usual integumentary 


Section of the light-organ found on the base of the exognath of the second pair of maxille of 


Gnathophausia calcarata. 1. c., light-cells; r., reservoir; d., duct. (After Illig.) 


glands of these forms. The latter seems the more natural, and 
further work will probably demonstrate that it is the case. 


Higher Decapod Forms. 


The middle depth of the ocean, from 600 metres to 2000 
metres in depth and over, are the home of a large number of 
small- to medium-sized decapod crustaceans, called prawns in 
general and living a free swimming life near the bottom or sus- 
pended at these depths over much deeper bodies of water. In 
color they are either transparent or of a bright red, in part or in 
whole, while a few of them show bright-blue markings on parts 
of their bodies. 

Many of these prawns are capable of producing light, and here 
we find, as in the Schizopoda, two types or perhaps three. One 
type with an external combustion, one with an internal combus- 
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tion, and a possible third in which the light-producing is a combi- 
nation of these two forms. 

The first group of prawns consists of several known species, 
and in all probability a number of species yet to be determined, 
that, when disturbed in the water in which they live, throw out 
a stream of luminous substance from two points at the bases of the 
second pair of antennz, as it has been described by several 
naturalists. Alcock mentions two such prawns, Heterocarpus 
alphonsi and Aristeus coruscans, both of which poured out copious 
clouds of a “ ghostly blue light of sufficient intensity to illuminate 
a bucket of sea-water so that its contents were visible in the clearest 
detail.” Alcock thought that the light came from the orifices of 
the nephridia or “ green glands.” Recently, through the kindness 
of Dr. H. F. Moore and Mr. W. W. Welch, of the United States 
Fish Commission, the writer has been given the privilege of 
examining some as yet unnamed species of prawns, much re- 
sembling those described by Alcock, that were taken from the 
waters of our eastern coast in depths of from 300 to 1000 metres. 
These creatures were placed in large glass jars of sea-water when 
brought on the vessel “ Grampus” at night, and when disturbed 
they gave out the same clouds of bluish light. As in the case 
mentioned by Alcock, these two streams of luminous material 
were copious and appeared to come from the “ under side of the 
head.” Fig. 13 shows them as they appeared under these 
conditions. 

The writer has dissected and sectioned these prawns and come 
to the following conclusion: The luciferine is secreted by a large 
number of glands of the common integumental type found in 
crustaceans. These glands pour out the secretion from hundreds 
of tiny, hair-like ducts opening on the under side of the head from 
around the mouth and from the inner sides of the bases of the 
limbs on the anterior part of the thorax. This very small amount 
of secretion is then mixed with the strong stream of water, 
augmented for the occasion, that comes from the respiratory 
chamber and is thus carried out in the copious clouds of light that 
have been described. Fig. 13 shows some of these prawns as they 
appear when the light is emitted. Mr. W. W. Welsh told the 
writer how the discharge sometimes came forth as two rings like 
the rings blown by a man smoking. These rings moved through 
the water with their vortex-momentum and ended by sticking 
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against the sides of the glass vessel, still ring-like, where they 
remained luminous for some time. 

The glands (Fig. 14) consist of from three to five or seven 
cells (in section) placed closely together around a very small 
lumen that empties out through a fine, hair-like duct. This duct 
joins the others that come from the neighboring glands of the 
group and runs parallel with them, forming all together a large 
body of separate canals, so fine that their exact structure has not 
been made out. They all open separately through fine canals in 
the chiten of the shell. 


Fic. 13. 


Representation of the two prawns (like Heterocarpus or Aristeus) as they appear when 
lighting in the sea. (Original drawing by E, Grace White, after descriptions by Alcock and 

The gland-cells appear to be of several different types on 
account of their size and the character of the contents of their 
cytoplasm. Each cell has a large proximal surface, forming a 
portion of the outer surface of the spherical gland, while its ex- 
ceedingly small distal surface forms a part of the tiny lumen and 
fundus of the gland. The nucleus is somewhat proximal and the 
cytoplasm is divided into one or more zones, according to the type 
of the gland and the state of its activity. 
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First we find what the writer considers to be a young gland, 
either in actual age or in its cycle of secretory activity. The cyto- 
plasm is homogeneous in color and texture, except for a striated 
appearance that reminds one of the muscle or of some electric 
tissues. This gland is very small and apparently is not secreting ; 
it stains dark red in a Delafield-eosin preparation. 

A second type is possibly the luciferine gland. It is much 
larger than the young gland, and its cytoplasm is composed of a 


Fic. 14. 


Drawing of a light-gland of a deep-sea prawn (species undetermined). Shows six cells 
around the lumen, dark granular secretion in cells, and the duct of this gland passing out to 
join a group of ducts from other neighboring glands. Ducts are only visible when the secretion 
is in them and is stained. (Original drawing.) 


pink proximal portion and a distal portion filled with fine, deep- 
staining granules. Fig. 14 shows this particular kind. The ex- 
treme distal portion of the cell is more or less free of the granules 
and is modified by the presence of fine channels opening into the 
lumen, which is very small. The granules pass from the secreting 
zone through these canals into the lumen and thus out of the gland 
through the long, fine ducts. These ducts are so fine that but one 
granule at a time can pass into the lumen. They are only visible 
when occupied by a row of the granules and when the granules 
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are properly stained. The bundle of ducts separates considerably 
upon approaching the surface from which they discharge. Each 
separate duct passes between the hypodermal cells and opens to 
the exterior through a small canal through the chitenous cuticle. 

Others of the glands are large, and the cytoplasm of the cells 
is somewhat granular but almost colorless with this stain ( Dela- 
field’s hematoxylin and eosin). It is probable that such a gland is 
in some stage of secretion in which the staining power is tempo- 
rarily lost. The exact relationship is not clear. The cells stain a 
very light pink. 

A fourth kind of this gland is one in which the cytoplasm of 
the cells is of a homogeneous, clear-blue material that resembles 
mucus. Such cases are probably a mucus-gland, although the fact 
was not positively established. In some cases both cells of the 
blue (mucus) and light pink kinds were present in one and the 
same gland. This did not seem to indicate a transition, but rather 
a mixture of two kinds of cells in one gland. 

While the above structures are in all probability the light- 
producing organs, the possibility yet remains that the nephridial 
glands are the real seat of the luciferase production. The pro- 
duction of light by a modified portion of a renal gland is known 
in the fly Bolitophila luminosa, as will be shown in a succeeding 
chapter. The nephridial gland of this shrimp has been examined 
carefully, however, and no specialization of its epithelium has been 
observed that would warrant such a supposition. Nor was there 
any clotted secretion in its lumen such as is visible in the lumen 
of the characteristic light-producing glands. The writer feels 
confident that the integumental glands as roughly described above 
will prove to be the seat of light production, and that the squirting 
action observed in the living organism will be found to be due 
to the action of the respiratory stream in carrying the luciferine 
out into the regions in front of the creature’s head. 

The next forms to be studied are the decapod forms as ex- 
emplified by the genus Sergestes. In general appearance and in 
habit as well as in size the species of this kind closely resemble 
the above forms. Dr. Stanley Kemp has worked up the forms 
belonging to the Natantia and finds that we know of six species 
that bear light-organs of the internal type, as follows: 


Peneidea: Sergestes challengerii and Sergestes 
gloriosus. 
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Caridea: Acanthephyra pellucida, Acanthephyra 
debilis, Hoplophorus grimaldi, and Hoplophorus sp. juv. 


and that, further, it is probable that two other species belonging to 
the Penzidea, Gennades and Amalopenaus, also possess light- 
organs of the same general type. All these animals are very rare 
and are only occasionally captured by more or less expensive 
expeditions, and investigators should take the trouble, when so 
fortunate as to be on an expedition and see them caught, to observe 
their light powers at once in a dark room and to preserve some of 
them for histologic investigation in the laboratory. 

Sergestes challengerti shows a great many—as many as one 
hundred and fifty—photophores on the surface of its body. The 
smaller and younger specimens show a lesser number, showing 
that the number increases with growth until maturity. These 
organs are distributed, according to Kemp, somewhat as follows: 
“ They occur on the lower sides, on the oral appendages, on the 
thoracic and abdominal sterna, on the ventral surface of the 
outer uropods, and on many of the leg-joints. All are so situated 
that the light which they produce is thrown directly or obliquely 
downward.” Some organs have been described on the lateral 
face of the carapace. These are not on its outer surface, but are 
placed on its inner surface when it is infolded, to shine downward 
and illuminate the gill-chamber from above. They are small and 
the lens varies from 0.06 mm. to 0.14 mm. in diameter. They 
are all practically the same in their structure, which, however, 
differs greatly from that of the photophores (photospheridia) of 
the Euphauside. 

Figs. 15 and 16 show representations of two of these organs, 
Fig. 15 being a drawing of one from the penultimate joint of 
the second maxillipede and Fig. 16 a drawing of one of those 
found on the outer wall of the gill-chamber. The outer structure 
is a very perfect cuticular lens (L. O. and L. /.), being a thicken- 
ing of the chitenous cuticle of the body. This lens is bi-convex 
and is composed of two layers that stain somewhat differently 
and represent the layers shown by other parts of the body cuticle. 
This modified cuticle is made very transparent, as would be ex- 
pected, and it will be interesting to ascertain its index of refraction 
in the living of fresh state and to compute its focus as used by the 
animal. The chief portion of this lens-thickening is formed by the 
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outer layer (L. O.), which is bi-convex. We should also learn 
how this region is carried through the process of ecdysis. 


Fic. 15. 
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One of the larger light-organs of Sergestes challengerit in median vertical section. l.0., outer 
part of lens; /.7., inner layer of lens; /.c., light-cells with distal nuclei; r.c., re tor-cells; r., 
flector; r.n., nuclei in reflector; conn. t., connective tissue at back of organ. (After Kemp.) 


The layer immediately below or proximal to the lens is 
obviously a modified portion of the hypodermis (L. C.). The 
cells have become very much larger, particularly their proximal 
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Another light-organ from Sergestes challengerii, om din mee the gill-char ber on the integument. 


Lettering same as in Fig. 15. (After Kemp.) 


parts, and the cytoplasm has assumed a strongly refractive, hyaline 
appearance that does not give any clue to their use. In properly 
preserved specimens as well as in fresh specimens these cells 
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contain a deep, transparent, blue pigment which is the cause of 
the blue color of the photophores in the living or freshly-dead 
animal. This further complicates the question. These cells are the 
only ones in the structure that appear to have glandular cyto- 
plasmic bodies capable of secreting luciferine. And yet the 
presence of the blue pigment would indicate that they were acces- 
sory structures rather than the specific cells of the organ. And 
Kemp has called attention to the fact that this layer of cells also 
forms a lens-shaped mass which might indicate a refractive func- 
tion. This idea does not appeal very strongly to the writer, who 
is inclined to believe that they are the light-producing cells which 
also serve to tinge the light with the blue color. The fact that 
they are apparently the only ectodermal cells in the organ also 
lends strength to this view. 

Their nuclei occupy a very remarkable position, being situated 
in the extreme distal tip of each cell. Kemp describes, although 
he does not figure, chromosomes in these bodies. We must also 
consider that these cells are the only ones in direct contact with the 
lens, and that, therefore, they must be the cells that secrete this 
lens. They are, apparently, cells with at least three and possibly 
four functions to perform. 

Just under these light cells appears a thin and unimportant 
appearing layer of flat, very thin cells that serve to separate the 
light-cells from the reflector. These flat, thin nuclei appear in the 
section as lines. It is not possible to assign any function to this 
layer until further material has been secured and more complete 
studies made. ‘They will be called temporarily the reflector 
cells (R. C.). 

Proximad to the flat cells appear a thick, dish-shaped layer 
which has been called by Hansen the retlector (#.). Kemp agrees 
with this view, and it seems reasonable to assume that such is the 
case. The layer is thick, as Figs. 15 and 16 show, and contains 
the wavy parallel strands and plates of a dense material that are 
found in the undoubted reflectors of the Euphausidz and squids, 
as well as in the light-organs of many other organisms. <A single 
series of pear-shaped or wedge-shaped nuclei appear in the middle 
level of this layer with their apices pointing outward (Rk. N.). 
The remarkable form of these nuclei cannot be explained, and in 
the other similar reflectors we find, usually, no nuclei at all. In 
the organ under discussion they form a graduated series, with the 
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larger ones in the centre and the smaller ones out toward the edge. 
From what we can see we must designate them as the nuclei of the 
reflector (Rk. N.). 

Behind the reflector is found a mass of ordinary connective 
tissue (Conn. 7.) weakly differentiated and organized with rela- 
tion to the organ, but not taking any specific part, other than an 
apparently mechanical one, in its organization. 

The two luminous species of Acanthephyra, A. pellucida and 
A. debilis, possess light-organs that show a considerable re- 
semblance to those of Sergestes, but which differ from them in 
many details. They also differ in structure among themselves. 
Kemp describes their number and position in Acanthephyra debilis 
as follows: ‘* The most highly developed organs in Acanthephyra 
debilis are not all of similar structure as they are in the case of 
Sergestes, but exist in different degrees of complexity in different 
parts of the animal.” “ The most highly developed organs are 
twelve in number, and each is so placed that the light which it 
produces is thrown directly downwards. One is situated on the 
distal and external aspect of the protopodite of each pleopod, and 
one behind the protopodite of each uropod.” 

Fig. 17 is copied from Kemp’s photograph of this organ. 
Here we see that a lens is formed, as in Sergestes, from the cuticle. 
This lens (L. O., L. M., and L. I.) is not so thick as in Sergestes, 
and its outer surface is convex, while the inner is concave. It 
shows three layers instead of two, and the extra layer is a middle 
one. The lens measures 0.24 mm. in diameter, and its entire 
substance is permeated with a transparent, violet-blue pigment. 
The middle layer (L. M.) does not appear to extend into the 
general cuticle from which the lens is formed. At the edge of the 
lens the cuticle is much thinner than even the surrounding general 
cuticle, and is thrown into folds. This would permit of some 
movement of the organ as a whole if muscle apparatus is placed 
in a position to move it. 

Inside of the lens appears the same layer of elongate cells that 
we find in Sergestes. They are much longer than in that animal 
and appear to radiate from a proximal centre. Their inner ends 
are filled with the same homogeneous and hyaline cytoplasm, and 
here again the writer must differ with Kemp, who implies that 
they form a secondary lens, by assuming that they are the gland- 
cells (L. C.) of the organ and that they secrete luciferine. The 
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nuclei are placed in the extreme distal tips of the cytoplasm, and, 
as the cells are hypodermal in origin and lie directly against the 
lens, they must secrete the lens as well as furnish the light. This 
double function may explain their peculiar structures. 

The well-developed reflector of Sergestes is represented here 
by a loose, fibrous mass whose strands radiate in a proximal direc- 


FiG. 17. 


Median vertical section of one of the large light-organs of Acanthephyra debilis. l.o., outer 
layer lens; /.m., middle layer of lens; /.i., inner layer of lens; l.c., light-cells with distal nuclei 
and long proximal bodies; g.m., granular mass; conn. t., connective tissue; m., nerve. (After 
Kemp.) 
tion from the central point of the light-layer, where they are 
mingled with a mass of granular matter (G. M.). The nuclei 
that support this structure are placed in masses in an extreme 
proximal position. We will assume that this arrangement repre- 
sents an imperfect reflector to some degree, but we must also 
take account of a nerve-bundle (\.) that approaches the photo- 
phore from its inner end and distributes its nerve-fibres through 
the mass of apparent connective tissues (Conn. T.). No suitable 
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methods have been applied to distinguish these nerve-fibres from 
the connective tissues or to see how and where they end. 

This organ is quite evidently a more primitive type of the 
organs found on Sergestes. But in addition to these principal 
organs in Acanthephyra we find even simpler ones (Fig. 18). A 
good example of such is seen in the freshly-caught specimen as a 
dark-violet blue streak on each side of the inner wall of the 
carapace just behind the last pair of thoracic legs. When this 
streak of blue tissue is cut in transverse section we find that the 


Fic. 18. 


Transverse vertical section of the long light-organ on side of Acanthephyra debilis. 1., lens; l.c., 
light-cells; m., nerve. (After Kemp.) 


color is due to a long, cylindrical lens (L.) that has been formed 
by a slight thickening of the cuticle. This lens region is tinged 
throughout with the blue pigment that gives the organ its external 
color, and it also shows a weak division into an outer and inner 
layer, and it has acquired the usual transparency of lens organs. 
It is still, however, a very weakly developed organ and cannot do 
much towards focussing the light. 

Beneath the cuticular lens is found the usual row or layer of 
elongate hypodermal cells. In this case, however, they have not 
developed to the same extent as in the larger organs on the same 
animal. The nuclei of these cells do not occupy the extreme 
distal tips of their respective cells, but they show a strong tendency 
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todoso. Fig. 18 shows this, as it also shows the weak differentia- 
tion of a mass of connective-tissue cells below into an indefinite 
structure that in the more advanced organs becomes a reflector. 
Traces of a nerve supply (N.) are also present, according to 
Kemp. 

In the species of Hoplophorus grimaldi the light-organs seem 
to agree very closely in structure and distribution with those just 
described in Acanthephyra. In regard to the pigmentation of the 
animals whose photophores have been described above, and to the 
meaning of these organs, we cannot do better than quote the 
remarks of Kemp in his excellent paper, as follows: 


THE PIGMENTATION OF THE PHOTOPHORES. 


“It has already been mentioned that a deep-blue pigment is, 
in life, associated with the photophores of Decapoda, occurring 
in Sergestes in the first cellular layer and in Acanthephyra in the 
lens itself. 

* There is reason to believe that this pigment is closely allied 
to, if not identical with, that found in the lobster. When the 
photophore is placed in absolute alcohol the blue color soon be- 
comes bright red, and the same reaction instantaneously appears 
when it is boiled in a drop of water. If the lens of the Acanthe- 
phyra be dissected out and treated with strong sulphuric or nitric 
acid the color at once changes to red, and immediately afterwards 
turns to a dull greenish blue of a much less distinct color than that 
originally present. The greenish-blue tone appears to fade away a 
little later, but the concluding stages of the reaction are somewhat 
obscured, owing to the burning of the tissue by the acid. 

“The red pigment which gives the familiar coloring to 
Nephrops and to the lobster, when boiled, is known to be one of 
the lipochromes or fatty pigments, called by Moseley crustaceo- 
rubin, associated with a small quantity of yellow pigment, known 
as Hepatochrome, which appears to be derived from the liver. 
The investigations of Krukenberg and of Miss Newbigin seem 
to show that the unstable blue-black pigment or lipochromogen 
which occurs in the lobster is a compound of the red lipochrome 
with a complex organic base. The blue color is turned red by any 
reagent which alters the form of the proteid, and the red pigment. 
extracted and dried, gives, with strong acids, a brilliant but evan- 


escent blue reaction. 
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“The photophores are, unfortunately, so minute that it is 
not possible to extract a solution of the pigment; but the reaction 
mentioned above, which was obtained by the addition of acid 
to the lens of dcanthephyra, furnishes fairly satisfactory evidence 
of the nature of the pigment. The following observations on the 
red coloring-matter of Acanthephyra may be mentioned here: 
An ether extract of the pigment gave a bright-yellow solution, 
which on evaporation yielded an oily red extract. On the addi- 
tion of strong nitric acid a bright, but rapidly evanescent, blue 
reaction was obtained, which was followed by the separation of 
the red matter from the oily yellow pigment, the latter turning 
a dull green. This result is practically identical with that obtained 
by Miss Newbigin with the extracted pigments of Nephrops. The 
red coloring, which turns blue under the influence of the acid, 
is the lipochrome, crustaceorubin, while the oily yellow pigment is 
heptochrome. The acid breaks up the proteid and at once converts 
the blue lipochromogen into the red lipochrome, and this is im- 
mediately followed by the characteristic blue reaction which this 
pigment gives in the presence of an acid. The tissues burn and 
become brown under the influence of the reagent, and the rapid 
evanescence of the blue tint, which is characteristic in the case 
of dry extracted pigment, is in consequence, somewhat masked. 

It has not been possible to test the blue pigment in the photo- 
phores of Sergestes as fully as has been done in the case of Acan- 
thephyra, but from the fact that it turns red when boiled or when 
treated with strong acids it is very probable that it is of the same 
nature. 

“The existence of blue coloration in deep-sea animals is ex- 
ceedingly rare, and its occurrence among Decapoda in close asso- 
ciation with the photophores is almost unique, for among the 
Euphausiacea a similar pigment appears to have been noticed only 
on a single occasion. In November, 1909, a large specimen of 
Thysanopoda acutifrons, Holt and Tatterstall, was caught in a 
mid-water net off the west coast of Ireland. This specimen, which 
was dead by the time it reached the deck, was found to possess 
patches of deep-blue pigment associated with the photophores on 
the eye-stalks. Casual examination failed to reveal this pigment 
in the other photophores, which, however, were of a darker color 
than is usually the case. The specimen was put aside in a dish of 
water, and when it was again examined, not more than half an 
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hour later, all trace of the blue pigment had vanished. It is 
evident that, even if in this case the blue coloring invariably 
occurs in the photophores, the phenomenon is one of great rarity 
among Euphausians, for it certainly is not found in Meganycti- 
phanes norvegica or in any of the common North Atlantic species. 

* The blue pigment of the photophores of Decapoda is much 
more stable than that noticed in 7. acutifrons. Although rapidly 
extracted by alcohol, it will persist for years in specimens preserved 
in weak formalin, remaining distinct long after the general red 
coloring has disappeared. 

* The lens of Acanthephyra, being blue, can necessarily only 
allow the emission of blue light, and it is not impossible that this 
is also true in the case of Sergestes, where the lens is transparent 
and the first cellular layer blue. It seems then that, at least in 
the former genus, the production of blue light is a necessity, 
but it is impossible to suggest any explanation of this curious 
phenomenon. 

‘ Photophores have evidently been developed by crustacea in 
at least three separate instances. Those possessed by Acanthe- 
phyra and Hoplophorus are in structure wholly distinct from those 
of Sergestes, while in neither case is there any resemblance to the 
very complex organs of the Euphausiacea. 

“It is a remarkable fact that, whereas in the latter order 
the possession of photophores in the general rule (only in Ben- 
theuphausia are they absent), their occurrence in large genera, 
such as Sergestes and Acanthephyra, is limited to a few species 
only. This is particularly noteworthy in Sergestes, in which two 
forms, both of which are classed among a small group of extremely 
closely allied species, exhibit a large number of photophores, 
whereas none are to be found in the other members composing 
the group. 

D6flein, in a short but interesting paper, has summarized the 
various suggestions which have been made as to the use of 
luminous organs to marine animals. He remarks that they prob- 
ably serve different functions in different groups of animals, and 
classes them in four sections: 

“|. Attraction of prey (chiefly important in sessile or slowly 
moving animals). 

“TT. Attraction of other individuals of the same species, either 
(a) for the formation and maintenance of swarms or (6) to 
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enable the sexes to find and recognize one another. In this con- 
nection Doflein points out that animals with a complicated system 
of photophores always possess highly developed eyes, and refers 
to Brauer’s theory that the varying arrangement of photophores 
produces light patterns serving as recognition marks, like the 
color-patterns of animals living in daylight. 

“III. Protection. The clouds of luminous secretion emitted 
by some species may possibly serve the same purpose as the ink 
of the cuttlefish, and photophores may also, by a sudden flash of 
light, scare a pursuer. In the fauna of land and shallow water a 
brilliant coloring is often assumed as a signal that the species is 
distasteful, and some deep-sea animals may, for the same purpose, 
exhibit warning lights. 

“TV. Illumination of objects viewed by the animal. On this 
theory it is difficult to account for the ventral and lateral position 
of the photophores in many marine animals. In Crustacea this is 
particularly well shown, for the large majority of the organs 
illuminate regions which seem altogether out of range of the 

“ It is evident that these suggestions will not account for every 
case which can be found; the photophores in the roof of the 
branchial chamber of Sergestes remain inexplicable. 

* The vast majority of marine animals which possess photo- 
phores live at the surface or at intermediate depths and never occur 
on the bottom. No exceptions to this rule have been noticed in 
the deep-water fauna of the Irish Atlantic slope, but it seems 
that the two Euphausians, Weganyctiphanes norvegica and N ycti- 
phanes couchii, are sometimes found on the bottom in shallow 
water. On one or two occasions large numbers of these two 
species have been caught off the Irish coast at depths of forty to 
sixty fathoms, and there are indications that the specimens which 
were obtained in these hauls were actually living on the sea-floor. 
The same two species are frequently obtained over depths of 
400 to 800 fathoms off the west coast of Ireland, and here they 
invariably occur in midwater. 

“ It must be remembered that the ordinary open-mouthed nets, 
which are generally employed for bottom work, frequently catch 
midwater organisms while being hauled, and there is reason to 
believe that errors arising from this source exist in many of the 
instances in which animals bearing photophores have been re- 
corded from the bottom. 
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‘* Many of the higher marine animals live on the sea-floor at 
depths to which no ray of sunlight can ever penetrate, and, though 
they possess well-developed eyes, are themselves, for the most 
part, without any special illuminating apparatus. That light exists 
at these depths seems almost certain. It is probably fairly plenti- 
ful in regions thickly populated by Ccelenterates, and the excre- 
tions of numerous animals of a more highly organized nature 
have been found to be brilliantly phosphorescent. The restriction 
of photophores to species living in midwater seems only explicable 
on the theory that there is a comparatively plentiful supply of 
light on the bottom itself.” 

There are other kinds of Crustacea that also produce light. 
Unfortunately we have but meagre descriptions. Two of the most 
interesting of these are the large spider crab, Colossendeis gigas, 
and the shrimp, Pentacheles phosphorus, both of which were 
dredged from the depths of the Indian Ocean by Alcock on the 
research ship /nvestigator. 

The spider crab, which was very large, showed a greenish-blue 
light radiating from the ventral surface of all of its legs. The 
shrimp show two points of light glowing with a steady radiance 
from each side of the openings of the oviducts. In daylight these 


points could be seen as glandular patches of a greasy texture. We 
have no further information on this subject. 
(To be continued) 


Potash in Lake Muds of Western Utah. ANon. (U.S. Geo- 
logical Survey Press Bulletin No. 271, May, 1916.)—Potash in sur- 
prisingly large proportions is present in the brines and muds of the 
Salduro Marsh, a sink in the Salt Lake Desert, about 60 miles west 
of the southwest edge of Great Salt Lake. From the clays under- 
lying the salt body which covers the marsh the United States Geo- 
logical Survey collected samples at depths of 8 to 12 feet, in which 
the dissolved salts were found to contain from 2 to about 3% per 
cent. of potash, and 2'4 per cent. was found in the soluble salts at a 
depth of about 4 feet. Of the dissolved salts contained in the brines 
occupying the spaces between the salt crystals in the crust overlying 
these muds 3 to 4 per cent. was found to be potash. 

Singularly enough, the salt crust left at the surface of the desert 
through the evaporation of the brines contains little more than a 
trace of potash, most of the potash being confined to the brines and 
to the muds underlying the salt crust. The successful extraction 
of this potash is a fascinating as well as most pressing problem for 
the chemical engineer. According to analyses made by the Survey, 
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the brines and muds from the Salduro Marsh contain considerable 
magnesium chloride, as well as chlorides of potassium and sodium, 
and so are somewhat similar in composition to the deposits from 
which potash is manufactured in Germany. Therefore, it appears 
that success in methods for manufacturing potash at the Salduro 
Marsh should prove comparatively easy. While no extensive ex- 
ploratory work has been done by the Survey to show the area of 
the deposit, it is believed that the amount of potash present in the 
region, if it can be extracted with commercial success, is sufficient to 
provide a valuable source of supply to the country. 


The Origin of Lightning. Anon. (Electrical Review, vol. 68, 
No. 20, May 13, 1916.)—Various theories have been presented from 
time to time to account for the electrical charges which are accumu- 
lated by clouds, many of which have been widely discussed. Light- 
ning phenomena are usually accompanied by heavy downpours of 
rain. It is well understood how the voltage of a cloud may be raised 
by the combination of many fine charged particles of moisture into 
drops which are large enough to be precipitated to the earth. The 
large drop carries the combined charges of all the small drops which 
go to make it up, but its surface is very much less than the combined 
surfaces of the component droplets; hence the surface density of 
the electrical charge is very much greater. When the drop is large 
enough to fall and approaches the earth, the voltage may be high 
enough to cause an electrical discharge across the intervening space. 
But how are the original charges upon the tiny moisture particles 
produced ? 

The most plausible explanation for this has been advanced by Dr. 
George Simpson, who proved that when drops of water are broken 
up they become charged positively, while the surrounding air re- 
ceives a negative charge. A thunder cloud is known to form in a 
rapidly ascending current of air, and if the velocity is as great as 26 
feet per second, the smaller drops will be carried upward, while even 
the largest drops will be unable to progress against the current. The 
larger drops break up in the air and become electrified, according to 
Doctor Simpson. If the ascending current spreads out laterally near 
the top of the cloud, the vertical velocity is diminished, the drops will 
grow and fall, but only to break again and repeat the process. Suffti- 
cient electricity might be thus accumulated to account for the 
observed effects. 

The rain which reaches the earth is sometimes charged positively 
and sometimes negatively, but more often positively, which is in 
accord with the above idea. This does not account for the fact that 
the earth as a whole is negatively charged, although local portions are 
at times positively electrified. There is still a great deal to be learned 
in connection with atmospheric electricity, but Doctor Simpson’s 
hypothesis seems to offer an adequate explanation for the existence 
of thunder clouds and to be free from objections of a theoretical 


nature. 
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PLASTIC FLOW.’ 
By Eugene C. Bingham. 


EXPERIMENTS by Bingham and Durham? showed that the 
fluidity of a suspension is a linear function of the concentration. 
The zero of fluidity is reached at a comparatively low volume-con- 
centration, as is shown in Fig. 1. The concentration which has 
zero fluidity serves to sharply demarcate viscous from plastic flow. 
All concentrations of solid less than this are viscous, and any shear- 
ing force—no matter how small—will produce permanent de- 
formation, if long enough exerted. Concentrations greater than 
this are plastic, and it is necessary to use a shearing force of finite 
magnitude in order to produce a permanent deformation. The 
laws of plastic flow have never been studied. 

The method of attack was to force suspensions of clay and 
water, under known pressure, through capillaries of different 
dimensions, and to measure the rate of flow. Some of the values 
obtained are shown in Fig. 2. For medium pressures the volume 
of flow per second is given by the formula 


fr 


where P is the pressure employed and f is the so-called “ friction ” ; 
i.e., the force required to start the flow. 

Putting P — f in place of P in the ordinary Poiseuille formula 
for calculating the fluidity, we have a means for calculating the 
‘mobility’ of plastic substances, analogous to the fluidity of 
viscous substances. 

The friction increases as a linear function of the concentration 
of solid present (see Fig. 1). It is independent of the length and 
diameter of the capillary as well as the viscosity of the medium. 
It is, however, affected by the presence of alkalies or acids in the 
medium. 


* Communicated by the Director. 
* Scientific Paper No. 278. 
2 Am. Chem. Journal, 46, 278 (1911). 
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The mobility decreases rapidly as the concentration of solid 
is increased, as is seen in Fig. 3. The mobility is also enormously 
sensitive to the presence of alkalies or acids, the mobility of a 50 
per cent. by weight clay suspension being increased 330 per cent. 
by the addition of 0.1 per cent. of potassium carbonate. 

At pressures little if any greater than those necessary to over- 
come the friction there was detected seepage of the medium past 
the solid particles (see Capillary 6.1 Fig. 2). At high pressures 
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VOLUME PERCENTAGE CLAY 


there was sometimes a sudden increase in the rate of flow, which 
is apparently due to slipping (see Capillary 6.3, Fig. 2). 

If the solid material consisted of spheres of equal size, the pore 
space remaining when the particles were as closely packed as possi- 
ble would amount to 26 per cent., and quite irrespective of the 
radius of the spheres. However, due to the friction of the 
spheres on each other, the pore space may be much larger than this, 
and this is particularly true if the material is very finely divided. 
As a matter of fact, it was found that on shaking dry clay into a 
flask, the pore space remaining amounted to 81.6 per cent. of the 
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2. 


PRESSURE 


The flow (in c.c.) of 50 per cent. clay suspension in water containing 0.1 per cent. of potas- 
sium carbonate in solution, for pressures (g. per sq. cm.) as shown, and at 25° C., except one 
series of experiments with Capillary No. 1, which was made at 49°C. The capillaries had the 
following dimensions: 


MOBILITY 


Capillary Radius in cm. Length in cm. 
I 0.02848 2.468 
6.1 0.05785 5.011 
6.2 0.05811 2.5090 
6.3 0.05850 9.9908 
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total volume. This corresponds closely to the percentage of 
liquid present in the mixture having zero fluidity, which is 80.5. 
It is upon this friction that the plasticity depends, and the plasticity 
is thus closely related to the fineness of subdivision of the material. 


FURTHER EXPERIMENTS ON THE VOLATILIZATION OF 
PLATINUM.* 
By G. K. Burgess and R. G. Waltenberg. 


THIs is a continuation of an investigation undertaken at the 
suggestion of the Committee on “ Quality of Platinum Utensils ”’ 
of the American Chemical Society. Seven platinum crucibles of 
various, makes and purity have been subjected to successive heat- 
ings at 700, 1000, and 1200° C., followed by determination of 
iron and other materials soluble in 1 : 4 boiling hydrochloric acid. 
Among the results obtained are the following: 

1. Platinum ware in the form of crucibles of whatever degree 
of purity behaves, with respect to gain or loss of weight, on heat- 
ing in air at ordinary atmospheric pressure, in a manner charac- 
teristic only of the temperature of heating. 

2. Each impurity, as iridium, rhodium, or iron, appears to 
exert its effect on the volatilization of platinum independently. 

3. For platinum crucibles of all degrees of purity containing 
Ir, Rh, Fe, Si (up to a content of at least 3.0 per cent. Ir) the 
loss on heating is negligible below about goa” C. 

4. Below this temperature there may even be a slight gain in 
weight on heating platinum, owing to the iron content diffusing 
to the surface and oxidizing. At higher temperatures the presence 
of iron will lower the volatilization loss by amounts depending on 
the quantity of iron present. There appears to be no platinum 
made which does not contain some iron. 

5. The volatilization of platinum containing rhodium is less 
than that of pure platinum at all temperatures above goo° C. 

6. The volatilization of platinum containing iridium is, above 
goo® C., very much greater than that of pure platinum, and in- 
creases with the Ir content and with temperature. 

7. It appears to make no material difference in the volatiliza- 
tion results, in the range 700° to 1200° C., what is the order of 
heating, ascending or descending temperatures. 


* Scientific Paper No. 280. 
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8. In an oxidizing atmosphere at temperatures of the order of 
1000° C. platinum, in the presence of, but not in contact with, 
silica, will apparently take up small quantities of this substance. 

g. The loss in crucible weight due to the solution of soluble 
matter in HCl, after heating, is variable, depending on the cruci- 
ble, and may be large. This loss is relatively greater at low than 
at high temperatures. 

10. All of the above losses, caused by heating, acid treatment, 
and iron diffusion, apparently continue with undiminished magni- 
tude after the first treatment, which is usually erratic. 

11. The following table gives the approximate changes in 
weight to be expected for heating platinum containing iridium or 
rhodium, but nearly free from iron. The presence of iron in 
appreciable quantities renders the prediction uncertain, but it 
always acts in the direction of lowering the volatilization loss. 
Silica, if taken up from the furnace, will also tend to lower the 
results slightly. 

Approximate loss in mg./100 cm.*/hour at temperatures in- 
dicated for platinum nearly free from iron. 


Platinum containing Pure Pt 1percent.Ir 2.5 percentIr 8 percent. Rh 


goo or less. .0 
rer 0.08 0.30 0.57 0.07 
o.8I 2.5 0.54 


DISTRIBUTION OF ENERGY IN THE VISIBLE SPECTRUM OF 
AN ACETYLENE FLAME.* 


By W. W. Coblentz and W. B. Emerson. 


Data on the distribution of energy in the visible spectrum of a 
standard source of light are frequently needed in connection with 
investigations in physiology, in psychology, and in physics; espe- 
cially in photo-electric work, in photography, and in the photo- 
metry of faint light sources. Frequent requests for such data 
have come to this Bureau. The acetylene flame appears to be a 
promising source of light, having a high intensity and a white 
color. The present paper gives data on the distribution of energy 
in the visible spectrum of a cylindrical acetylene flame, operated 
under specified conditions. 


* Scientific Paper No. 270. 
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In the region of the spectrum extending from the yellow to the 
violet, the spectral energy distribution of all the flames examined 
appears to be the same, within the limits of observation. On the 
other hand, in the region of the spectrum extending from the red 
toward the long wave-lengths the emissivity is greatly affected by 
variation in thickness of the radiating layer of incandescent par- 
ticles in the flame. Hence in and beyond the red part of the spec- 
trum the data apply only to cylindrical flames which are operated 
under specified conditions. 


FURTHER DATA ON THE OXIDATION OF AUTOMOBILE 
CYLINDER OILS.* 


By C. E. Waters. 


IN continuation of work already published by the Bureau of 
Standards, as well as in the Journal of Industrial and Engineer- 
ing Chemistry, a study was made of the rate of oxidation of three 
automobile cylinder oils when exposed to sunlight and air. This 
was done by determining the increase in weight and in acidity at 
intervals during a period of 438 hours’ exposure. The accom- 
panying changes in the carbonization values were also determined. 
The general result was that there is a gradual lessening of the rate 
at which the weight increases, and at the same time the formation 
of acid and the carbonization value increase more and more 
rapidly. 

The Maumene numbers of the oils increased greatly as a result 
of oxidation, while there was a marked drop in the iodine numbers. 
After oxidation the oils showed a much greater tendency than 
before to emulsify when agitated with water. Filtration through 
animal charcoal removed, to a certain extent, the substances that 
caused this tendency, and that raised the carbonization values. 

When the three oils used in the work above, and eight others, 
were heated to 250° C. for periods ranging from one to seven 
hours, the formation of carbonized matter proceeded at a rapidly 
increasing rate. The same was true of the eleven oils when 
heated for three hours at various temperatures from 230° to 
280° C. It was found that in both cases the greater the carboniza- 
tion value at first, the more rapidly did it increase as the tempera- 


* Technologic Paper No. 73. 
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ture was raised or the time of heating extended. In other words, 
an oil which had a low carbonization value if heated to 250° for 
two or three hours, and an oil showing a somewhat higher value 
under the same conditions, will be further and further apart as 
the conditions become more strenuous. ‘This being so, it is unnec- 
essary to greatly prolong the time of heating in routine testing. 

The need of extreme care in taking and preserving samples, as 
well as in testing them, was emphasized, because the presence of 
rust particles or other extraneous matter increases the amount of 
carbonization. 

In conclusion it is shown that the carbonization value is inde- 
pendent of the flash- and fire-points and of the evaporation loss on 
heating. 


AN INTERLABORATORY PHOTOMETRIC COMPARISON OF 
GLASS SCREENS AND OF TUNGSTEN LAMPS, INVOLVING 
COLOR DIFFERENCES.* 


By G. W. Middlekauff and J. F. Skogland. 


IN 1911 the Bureau of Standards and the National Physical 
Laboratory of England, in co6peration, established groups of 
1.5-wpe. tungsten standards, using Lummer-Brodhun contrast 
photometers in stepping from corresponding groups of 4-wpc. 
carbon standards. Although the agreement between the two 
laboratories was very satisfactory and subsequent measurements 
of the new standards at the Bureau checked the original values, it 
was realized, in view of the small number of observers in each 
laboratory, that if other groups of observers had made the meas- 
urements or if some other photometric method had been used the 
results might have been different. 

Therefore, in order to obtain information as to the agreement 
which might be reasonably expected among different groups of 
experienced observers working by the same and by different 
methods, the Bureau invited the Nela Research Laboratory, the 
Electrical Testing Laboratories, and the Physical Laboratory 
of the United Gas Improvement Company to cooperate in an 
intercomparison of photometric measurements of blue-glass 
screens and tungsten lamps involving color differences such as 


* Scientific Paper No. 277. 
VoL. 1&1, No. 1086—60 
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were encountered in the establishment of the new standards. The 
first two laboratories, like the Bureau, used Lummer-Brodhun con- 
trast photometers, while the third used a special flicker photome- 
ter, and in no laboratory were the screens and lamps measured at 
the same time. 

The results of the intercomparison show that each observer, 
regardless of the kind of photometer used, maintained a fairly 
definite criterion with respect to the mean of his laboratory, and 
that each laboratory likewise consistently maintained its relation 
to the mean of all, as judged from the measurements on the screens 
and those made on the lamps some months afterwards. 

Considering the difficulties involved in the measurements, the 
different characteristics of observers, and the wide difference in 
illumination employed, the agreement among the laboratories was 
remarkably good. It is true, however, that although the differ- 
ences are small they are not negligible in precision photometry. 
It is evident, therefore, that measurements to establish standards 
involving color difference should be left as much as possible to the 
standardizing laboratory, where the observers must be carefully 
selected and a considerable number employed, and the kinds of 
instruments and other conditions definitely fixed. 

An examination of the Bureau’s observers who took part in 
this intercomparison and who were included in a group of 114 
observers tested at the Bureau by Crittenden and Richtmver, using 
a special flicker photometer, shows that their mean characteristic 
is very approximately the same as that of the average of the 114. 

Furthermore, the flicker values found in this intercomparison 
and also by Crittenden and Richtmyer for the tungsten lamps at 
1.5 wpe. are in agreement with the Bureau’s values. Hence it is 
concluded that the values which were originally assigned to the 
new 1.5-wpc. tungsten standards as a result of the intercomparison 
with the National Physical Laboratory can be considered as 
average eye values. 
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NOTES FROM NELA RESEARCH LABORATORY.* 


NOTES ON FLICKER PHOTOMETRY: FLICKER-PHOTOMETER 
FREQUENCY AS A FUNCTION OF THE COLOR OF THE 
STANDARD, AND OF THE MEASURED, LIGHT. 


By Leonard T. Troland. 


THE flicker-photometer frequency of any two visual stimuli 
may be defined as the rate of alternation (cycles per second, with 
equal intervals) of the two in the same photometric field, which is 
just sufficiently rapid to eliminate flicker, when the ratio of their 
intensities is such as to give a minimum of flicker at a slightly 
lower rate. 

The measurements recorded below were made with an instru- 
ment of the Whitman disk type, operated by an adjustable speed 
synchronous motor. The field was an annulus, of 0.23 degrees 
internal and 1.14 degrees external diameter, so that stimulation 
was strictly foveal. This was viewed in dark surroundings, and 
each setting was made after approximately 30 seconds’ fixation of 
the central dark area, thus insuring fairly stable local adaptation. 
The artificial pupil employed was a square, 2.51 mm. on a side. 
Care was taken to reduce scattered light in the spectrometer system 
to a minimum. 

Two series of measurements were taken with sixteen spectral 
colors, anda“ physiological white * standard, of constant intensity 
for each series. ‘This standard consisted of tungsten light cor- 
rected with a blue glass, so as to exhibit no chromatic tinge either 
when viewed directly or in the after-image reaction produced by 
dimming the light upon a retinal area already strongly * fatigued ” 
by it (Hering’s test for a physiological white). All of the spectral 
colors were equated in brightness to the standard, by the criterion 
of flicker, as a part of each measurement. The results for the two 
intensities of 1025 and 547 photons,’ respectively, are given in 
the first two columns of the table below. 


* Communicated by the Director. 

* One photon is an illumination of the retina corresponding with a stimulus- 
surface brightness of one candle per square metre, and an effective pupillary 
area of one square millimetre. ' 
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Flicker-photometer frequency cycles per second 


Color White standard Plain tung, 

— sten standard, 

re 676.4—-700.0 | 28.15 | .08 | 24.79 | .17 | 23.82 .14 | 24.04} .20 
ee 658.6-680.0 | 27.93 | .14 | 24.34 .09 | 23.88 | .II | 23.83] .26 
Red-orange...... 640.7-660.0 | 27.54 | .09 | 23.86 .05 | 23.22 | .10 | 23.60! .20 
629.4-640.0 | 26.70 | .10 | 23.62 .08 | 22.57 | | 23.19} .23 
Orange..........| 610.4-620.0 | 24.02 | .17 | 22.50; .26 | 20.68 | .24 | 21.57 | .26 
591.5-600.0 | 20.26 .40 | 19.54 .09 | 16.14) .09 | 18.15) .14 
Yellow... 572-3-580.0 | 17.10 | .35 | 15.94. .15 | 17.34 | 006) 17.02 | .23 
Yellow-green . 553-1-§60.0 | 17.82 | .14 | 17.83 | .10 | 18.33 | .24 | 16.51 | .32 
Yellow-green. . 533-.8-540.0 | 19.07. .26 | 18.30 .05 | 18.03 .08 17.66} .18 
514.5-520.0 | 21.79 .18 | 18.86 .15 | 19.90} .20 | 18.67} .10 
Blue-green.......| 492.1-500.0 | 22.49 | .29 | 21.98 .15 | 21.94 .10 | 21.93! .21 
..| 473-1-480.0 | 25.26 | .14 | 22.46 | .26 | 23.18 | .17 | 23.00} .06 
Blue.... 444.0-460.0 | 26.13 | .O7 | 23.12 | .12 | 24.22 | .11 | 23.88] .13 
Violet...........) 426.7-440.0 | 25.76) .1§ | 22.99 .07 | 23.61 | .04 | 23.53] -10 
Violet..........| 408.1-420.0 | 24.13 | .19 | 21.73 | .44 | 22.61 | .21 | 22.02] .11 


As will be seen from the table, the flicker-photometer frequency 
for a white standard varies radically with the spectral character 
of the measured light, being greater at the ends of the spectrum 
than in the middle, with a minimum at about 575#. Similar 
results appear in the rougher data of Ives, who used uncorrected 
“carbon” light. In order to test the hypothesis that the position 
of the minimum was determined by a subliminal chromatic factor 
in the standard, very careful comparative measurements were 
made with two standards of equal brightness—5 10 photons—but 
of different color, one being plain tungsten light at low efficiency 
(having a definite orange tinge) and the other being an over- 
corrected tungsten light (decidedly bluish, and of about the same 
saturation as the plain tungsten). The results are shown in the 
third and fourth columns of the table. They prove that the flicker- 
photometer frequency is determined primarily by the character of 
the spectral stimuli, in relation to white, although a marked color 
tone in the standard will shift the position of the minimum. 

Each value in the first two columns represents 4 independent 
determinations, except in a few cases, where 8 were taken. The 
values in the third column are averages of at least 10 determina- 
tions, and those in the fourth column of at least 15 determinations, 
in each case. The deviation measures are those of the averages. 
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No influence of the color of the standard upon the intensity 
required for a match was apparent within the limits of reliability 
of the measurements. The photometric sensibility, however, was 
found to depend on the color of the standard, and also on that of 
the measured light. The sensibility was exceedingly low in the \ 
red, as shown by the following table: 


Average percentage deviation in photometric 
brightness for a match 


Color Wave-length Plain tungsten standard Bluish standard 
693.9-720.0 4.45 6.39 
Orange-Red ... 640.7-660.0 4.43 6.70 
CC 572.3-580.0 0.89 1.83 
Blue-Green .... 492.1-500.0 1.65 2.05 
408.1—420.0 0.99 2.07 


All of the above results are for the writer’s right eve. The 
investigation is being continued, and a more detailed description 
of the conditions will be given in a later, extended account. 

Nela Research Laboratory, 
National Lamp Works of General Electric Company, 
Nela Park, Cleveland, Ohio, 
May 18, 1916. 


THE LAWS OF VISUAL MINUTHESIS: THE INFLUENCE OF 
INTENSITY ON THE EQUALITY TIME-FUNCTION. 


By Leonard T. Troland. 


THE time, ty, required for a fresh negative after-image, pro- 
jected on a reacting field of light, to just fall below the threshold 


may be called the equality-time, since it is the time needed for two 
differentially minuthetized (** fatigued ’’) retinal areas to reach 
sensibly equal degrees of adaptation. The after-image must be if 
produced by preéxposure of the eye to a primary stimulus during | 


an interval tp, the preéxposure-time, which immediately precedes 
the interval tg. The function, ty = f(tp),may be called the equality- 
time function, which is shown by experiment to be representable 
by a curve of the saturation type. 

Measurements were made to determine the influence of 
stimulus intensity upon this function, the primary and the reacting 
lights being of the same color and brightness. The field was cir- 
cular, with an angular diameter of 3.38 degrees, was provided 
with a central fixation point, and had dark surroundings. The 
initial minuthesis was produced by exposure either of the right or 
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left half of the field, and during the “ equality period ” the result- 
ing after-image was projected on the full circle so as to occupy its 
original position on the field. <A circular artificial pupil of 2.36 
mm. diameter was employed, but the intensities, given in the table, 
are expressed in photons; i.c., in candles per square metre for an 
effective pupillary area of one square millimetre. The intensity 
measurements were made by flicker photometry. Five minutes’ 
dark adaptation was allowed before beginning a series of 
observations. 
I. Results for Red: 673.5-760.0 py 


Intensity in photons Equality-time, tp (in seconds), for a preéxposure-time, tp, of 
4 seconds A.D. 32seconds A.D. 128seconds A.D. 256seconds A.D. 
3.89 7.38 0.49 42.3 2.2 62.9 2.4 68.3 3.4 
19.45 16.1 1.0 57.4 2.2 89.1 3.5 102.2 2.6 
97.2 10.04 0.43 54.3 2.4 03.3 2.0 124.8 4.7 
486.0 19.3 1.4 56.8 3.0 114.7 5.3 121.5 3.1 


118.8 43 141.7 6.0 


2430.0 10.9 1.5 70.4 


II. Results for Green: 516.1- 


on 
to 
wn 
> 


3.89 11.44 0.70 42.1 3.5 73-7 2.1 77.6 3.9 
19.45 13.7 eg 73.8 332 ey 2.2 116.9 3.5 
97.2 17.38 0.63 68.3 57 115.5 1.4 125.4 5.0 

486.0 16.08 0.62 64.6 2.3 104.8 2.7 122.9 4.0 
2430.0 18.2 2.00 52.1 2.6 106.6 3.1 121.1 4.4 


Each of the above values is the average of ten independent 
measurements, and the deviation measures are those of the aver- 
ages themselves. Each intensity is five times the immediately 
preceding one, and the highest corresponded to an external bright- 
ness of 500 candles per square metre. 

An examination of the table shows that above 100 photons the 
equality-time function is almost independent of the absolute in- 
tensity, although there is a general tendency for the value of fy, 
for a given magnitude of fp, to increase slightly with intensity 
increase. The table also reveals the relative independence of the 
function with respect to the color of the stimulus. 

The above results are for the author’s two eyes, the right and 
left eyes being employed an equal number of times. <A brief 
series with another subject showed similar relationships. 


Nela Research Laboratory, 
National Lamp Works of General Electric Company, 
Nela Park, Cleveland, Ohio, 
May 18, 1916. 
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THE THERMAL EXPANSION OF TUNGSTEN AT INCAN- 
DESCENT TEMPERATURES. 


By A. G. Worthing. 


THE measurements of the change in length with temperature 
were made on straight tungsten filaments of large cross-section. 
The positions selected on the filaments were sufficiently removed 
from the lead-in junctions so that their cooling effects were 
negligible. Using the temperature scale previously reported,! the 
results obtained for the region 1200° K. to 2700° K. are given very 
closely by the following formula: 

L300 
where L represents the length at a temperature T and L,,, the 
length at 300° K. 

The formula represents also the single value at room tempera- 
ture (300° K.). The region between room temperature and 
1200~ K. will be included in the final publication. 

Nela Research Laboratory, 


National Lamp Works of General Electric Company, 
Nela Park, Cleveland, Ohio. 


= 4.49 X 10 (T — 300) + 2.4 X I10-" (T — 300), 


Radium Never Seen in Nature. Anon. (U. S. Geological 
Survey Press Bulletin, No. 267, April, 1916.)—Radium is a metal 
and is described as having a white metallic lustre. It has been 
isolated only once or twice, and few people have seen it. Radium is 
ordinarily obtained from its ores in the form of hydrous sulphate, 
chloride, or bromide, and it is in the form of these salts that it is 
usually sold and used. These are all white or nearly white sub- 
stances, whose appearance is no more remarkable than common salt 
or baking powder. Radium is found in Nature in such exceedingly 
small quantities that it is never visible even when the material is 
examined with a microscope. Ordinarily radium ore carries only a 
small fraction of a grain per ton of material, and radium will never 
be found in large quantity, because it is formed by the decay of 
uranium, a process which is wonderfully slow, and radium itself 
decays and changes to other elements so rapidly that it is impossible 
for it to accumulate naturally in visible masses. Minerals that carry 
radium, however, are fairly easy to determine. One of them, pitch- 
blende, as generally found, is a black mineral about as heavy as ordi- 
nary iron, but much softer. The principal radium mineral, carnotite, 
has a bright canary-yellow color, and is generally powdery. There 
are other radium-bearing minerals of less importance. 


* JOURNAL OF THE FRANKLIN INSTITUTE, 181, p. 417, 1916; Phys. Rev., ii, 7, 
p. 497, 1916. 
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Centennial of the Coast Survey. Anon. (Scientific American, 
vol. cxiv, No. 17, April 22, 1916.) —Those who are inclined to think 
that the broad and valuable scientific work carried on at Washington 
under the auspices of the National Government is a modern develop- 
ment will be interested to learn that the United States Coast Geodetic 
Survey celebrated, on April 5 and 6, the centennial of its establish- 
ment. Even in the early days of the nineteenth century, when the 
shore line of the United States was far less than to-day, the impor- 
tance of an accurate knowledge of the coast was appreciated, and 
accordingly Congress, in 1807, authorized the establishment of a 
National Coast Survey. A plan was submitted by Ferdinand Bb. 
Hassler, a Swiss engineer who had emigrated to the United States 
in 1805 and had been acting professor of mathematics at the United 
States Military Academy and professor at Union College. This plan 
was not put into effect until 1811, and actual field work was not begun 
until 1816. Unfortunately, the importance of surveying newly- 
acquired territory on state lines and fixing boundaries by permanent 
marks, after these positions had been determined astronomically, has 
not always been realized. Frequently difficulties would have been 
avoided, the settlement of which involved a financial outlay far 
greater than would have been required for the adequate support of 
the Coast Survey. 

The actual geographic work of the United States Coast Survey is 
based on a system of main and secondary triangulation which covers 
the entire United States. On the Atlantic Seaboard the Survey has 
carried out a complete scheme of primary triangulation, while a sec- 
ond extensive system of triangulation extends across the continent 
along the 39th parallel of latitude and connects the surveys of the 
two coasts, furnishing a basis for the surveys of the thirteen states 
through which it passes. Other triangulation systems have been 
extended throughout the United States and expanded in various in- 
dividual states. From the primary and secondary triangulations a 
tertiary triangulation has been developed along the entire Atlantic 
and Gulf coasts and Porto Rico, and the Pacific coast, except Alaska, 
where work is still in progress, as is also the case in the Philippines. 
The astronomical positions of the various points on the systems of 
triangulation have been determined by the use of the zenith telescope 
for latitude and the telegraph for longitude. The familiar charts 
issued by the United States Government show hydrographic data, in- 
cluding all harbors, channels, buoys, etc., as well as the topography 
for a few miles inland, and, in the case of rivers arid other indenta- 
tions, to the head of tidewater. Deep-sea soundings are made and 
tidal records are compiled and published. Terrestrial magnetism is 
another field in which the operations of the Survey have been carried 
on, and the study of the force of gravity has been the subject of a 
number of important investigations. Lines of precise levels cover the 
United States in a network in which the Coast Survey has codper- 
ated with other government agencies and several railways, and the 
prosecution of this work is from year to year becoming increasingly 
important. 
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NOTES FROM THE RESEARCH LABORATORY, 
GENERAL ELECTRIC COMPANY.* 


THE BRITTLENESS OF ANNEALED COPPER. 


By W. E. Ruder.’ 


E-XPERIMENTs upon the effect of the more common gases for 
regular and deoxidized copper showed that the brittleness often 
developed by heating and frequently ascribed to burning is in 
reality due to deoxidation. With ordinary commercial copper 
serious brittleness begins to appear at 400° C. in dry and 600° 
in wet hydrogen, at 800 to 850° in carbon monoxide, and at 700° 
in steam. Copper previously deoxidized by the addition of boron 
remains unaffected at all temperatures in a reducing atmosphere. 
The brittleness is, therefore, probably due to the reduction of the 
cuprous oxide around the primary copper grains, leaving a spongy 
mass with little mechanical strength. 


The Electrical Capacity of Gold-leaf Electroscopes. J. BAr- 
kATT. (Proceedings of the Physical Society of London, vol. xxviii, 
part iii, April 15, 1916.) —The modern gold-leaf electroscope has for 
some considerable time been employed by workers in radio-activity 
as an instrument of precision comparable with that of other instru- 
ments used in electrical measurements. Many workers in other 
branches of physics, however, still appear to regard the instrument 
as merely of historical interest. It is the experience of the author 
that, with the help of the gold-leaf electroscope, measurement of 
potential can be made of, at any rate, I per cent. between, say, 50 
and 300 volts, the limits depending on the particular instrument. 
The gold-leaf electroscope possesses many advantages over the 
usual type of electrometer. The latter is exceedingly troublesome 
to set up and work, and requires very great care in maintaining 
satisfactory insulation. Its capacity is many times that of the electro- 
scope, which can therefore measure much smaller currents. In addi- 
tion, the electroscope is much cheaper, takes up very little space, is 
easily transported, and can be used in any position. 


* Communicated by the Director. 
* Transactions of the American Electrochemical Society, vol. 29. 
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The capacities of gold-leaf electroscopes of various patterns have 
been determined by a method which depends upon obtaining the 
relation between the divergence of the leaf and the potential applied 
to it, and the observation of the fall of potential of the leaf system 
when it shares its charge a convenient number of times with a stand- 
ard parallel plate air condenser. It is found that the capacity is 
practically independent of the amount of divergence of the leaf, 
except when this divergence is very small, in which case the capacity 
becomes slightly lower. lonization currents of the order t1o-' 
amperes can be accurately measured by an electroscope of capacity 1 
cm. For some purposes the gold-leaf electroscope possesses marked 
advantages over the quadrant electrometer. The method employed 
was found to give satisfactory agreement with the results given by 
another method. 


Delaware Water Gap Cut by Nature’s Whip-saw. ANon. 
(U’. S. Geological Survey Press Bulletin, No. 274, May, 1916.)— 
Delaware Water Gap is a vertical-walled trench, 1200 feet deep, in 
the narrow ridge of Kittatinny Mountain through which Delaware 
River flows. Did the river find this gateway ready-made through 
the mountain or did it cut its way through the hard mountain ledges, 
and if so, how could it accomplish its mighty task ? 

By the study of the geology of the region the following history 
has been worked out. After the rocks had been formed, layer by 
layer, as sediments in the sea they were folded and tipped on end and 
worn down by Nature’s forces to a gentle surface across which Dela- 
ware River flowed to the sea. The top of Kittatinny Range was then 
part of this surface, and the adjacent area that is now lowlands stood 
nearly at the same level. Elevation of the land caused the Delaware 
and its tributaries to wear away the softer rocks and leave the harder 
rocks standing in relief as ridges. The hard rocks that compose 
Kittatinny Range formed rapids in the Delaware where it crossed 
them, but the river gradually cut this barrier away. 

It is easy to believe that streams can remove soft shale and lime- 
stone in their course, but it may seem at first thought impossible that 
water alone can cut away hard rock. The water, however, is only a 
medium, for the cutting is done by the sand, gravel, and bowlders 
carried by the stream, just as emery fed to a saw cuts through the 
hardest rock or steel. Large, round holes that were ground into hard 
rocks by the churning of pebbles at the bottom of small falls have 
been left as ‘ potholes’ on the sides of gorges as the evidence of 
such stream cutting. So the Delaware, concentrating its power on 
a small section of the hard rock of Kittatinny Range, was able, dur- 
ing a long period, to cut the gap through the rocky barrier. 

The story is told more fully and in plain language in the text 
printed on the back of the U. S. Geological Survey's Delaware Water 
Gap map, which is sold by the Survey for Io cents. 
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THE FRANKLIN INSTITUTE 


(Proceedings of the Stated Meeting held IV ednesday, May 17, 1916.) 


HALL oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 17, 1916. 


PRESIDENT Dr. WALTON CLARK in the Chair. 


Additions to membership since last report, 5. 

The Chairman announced that the business of the meeting would be the 
annual presentation of the Institute’s highest awards in recognition of dis- 
tinguished scientific and technical achievements, and recognized Dr. Harry F. 
Keller, who gave an account of the work of Dr. Theodore William Richards, 
of Harvard University, recently recommended by the Institute’s Committee 
on Science and the Arts for the Franklin Medal in recognition of his “ numer- 
ous and important contributions to inorganic, physical, and theoretical chem- 
istry, and particularly his classical series of redeterminations of the atomic 
weights of the more important chemical elements.” Dr. Keller then read a 
letter from Mrs. Richards and a telegram from Dr. Richards regretting that 
a temporary illness prevented the latter from being present to receive the 
medal in person. The President announced that the medal and accompanying 
certificate would be forwarded to Dr. Richards. 

Dr. Keller then introduced Dr. John J. Carty, chief engineer of the 
American Telephone and Telegraph Company, who had also been recom- 
mended for the award of the Franklin Medal in recognition of his “ long- 
continued activities in the telephone service, his important and varied contri- 
butions to the telephone art, his work in the establishment of the prin- 
ciples of telephone engineering, and his signal success in directing the efforts 
of a large staff of engineers and scientists to the accomplishment of the 
telephonic transmission of speech over vast distances.” 

The Chairman presented the medal to Dr. Carty, who expressed his 
thanks for the honor conferred upon him and then read his paper on “ The 
Telephone Art.” 

Dr. Keller was again recognized by the Chairman and described the 
work of the American Telephone and Telegraph Company, which had been 
recommended for the award of the Elliott Cresson Medal in recognition of 
its “constructive and far-seeing policy in the development of the art of 
telephony, in the promotion of telephone engineering, in the establishment of 
its telephone system in every part of the United States, and for placing all 
of the states of the Union in speaking communication.” He introduced Mr. 
Theodore N. Vail, president of the company, to whom the medal was pre- 
sented. Mr. Vail, in a brief address, expressed his thanks and the thanks of 
his associates and every individual of the Bell System for the complimentary 
tribute. 

Dr. Hoadley was then called upon to read Dr. Richards’s address on 


861 


| 
| | 
| 

| 
{ 

t 

i 

| 

| 

} 

|| 


862 SECTIONS. [J. F.1. 


“The Essential Attributes of the Elements,” which had been prepared for the 
occasion. 

This was followed by a demonstration of transcontinental and wireless 
telephony given by the American Telephone and Telegraph Company. Mes- 
sages were received from and transmitted to numerous western cities, in- 
cluding Pittsburgh, Chicago, Denver, Omaha, Salt Lake City, Winnemucca, 
and San Francisco. Telephonic communications were received by wire at 
Arlington, Virginia, then transmitted by wireless to New York City, and from 
that city by wire to the audience. 

Greetings were exchanged by various members of the Institute and non- 
resident members and others in San Francisco, and musical selections played 
in the latter city were heard by the entire audience, each chair being supplied 
with a telephone receiver. 

A talking-moving picture of Mr. Thomas A. Watson, early associate of 
Dr. Alexander Graham Bell, describing the latter’s earliest experiments with 
the telephone, as well as moving pictures of telephone construction and 
operation, were shown. 

Adjourned. R. B. Owens, 

Secretary. 


Demonstrations of transcontinental telephony were repeated at 6, 7:15, 
and 8:30 o'clock p.M., at which Vice-president Louis E. Levy presided. Each 
demonstration was preceded by an explanatory address by Mr. W. F. Schmidt, 
of the American Telephone and Telegraph Company. 

(A full account of the meeting will appear in the next issue.) 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of the Stated Meeting held Wednesday, May 3, 
916.) 


HAtt or THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 3, 1916. 
Mr. C. E. BontNne in the Chair. 
The following report was presented for final action: 
No. 2667.—Dixie Magneto. Advisory. 
The following report was presented for first reading: 
No. 2672.—Self-adjusting Pipe Wrench. Advisory. 
R. B. Owens, 
Secretary. 


SECTIONS. 


Mechanical and Engineering Section—A meeting of the Section was held 
in the Hall of the Institute on Thursday, April 27, 1916, at 8 P.M. 

Mr. George R. Henderson, president of the Section, occupied the chair. 

Mr. Walter V. Turner, assistant manager, Westinghouse Air Brake 
Company, Wilmerding, Pa., delivered a lecture, entitled “ The Vital Relation 
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of Train Control to the Value of Steam and Electric Railway Properties.” 
The lecturer, with the help of lantern slides, demonstrated that train control 
is as potent a factor in the producing value of a railroad as is the locomotive. 
The fundamental purpose of a railroad is to save time. To avoid duplicating 
properties, capacity is essential, and this involves high speed and great 
frequency of trains. Increased capacity by such means is practicable only 
to the degree that train control is adequate. Safety is as essential to integrity 
of traffic and successful operation as earning power. Consequently, the 
relative value of railway properties is entirely dependent upon the ability 
to keep trains in motion as close together as the state of the art for controlling 
trains will permit. Railroad capacity in cities has become an exceedingly 
important consideration, since the transient population during the day, because 
of “skyscrapers,” is very great as compared with that of a few years ago. 
\ brief illustration was given of recent development in train control equipment 
which has resulted in the doubling of railroad capacity. 

After an interesting discussion by Messrs. Young, Gibbs, and others, a 
rising vote of thanks was extended to Mr. Turner. 

Adjourned. T. R. Parrisu, 

Acting Secretary. 


MEMBERSHIP NOTES. 


ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, May 10, 1916.) 


RESIDENT. 
Mr. Tuomas H. Griest, civil engineer, 646 Westview Avenue, Germantown, 
Philadelphia, Pa. 
NON-RESIDENT. 


Mr. G. M. Basrorp, president, Locomotive Feed Water Heater Company, 30 
Church Street, New York City, N. Y. 

Pror. P. DuNNINGTON, Department of Chemistry, University of Virginia, 
Virginia. 

Mr. R. Kart HonaMAN, student, Franklin and Marshall College, Lancaster, Pa. 

Mr. Frank A. STANLEY, editor and author, 1530 West Main Street, Willi- 
mantic, Conn. 

CHANGES OF ADDRESS. 


Mr. Herpert S. Ber_iner, care of Berliner Gramophone Company, Montreal, 
Quebec. 

Mr. Frep. DeniG, 1012 Peoples Avenue, Troy, N. Y. 

Mr. N. E. Funk, 5115 Regent Street, Philadelphia, Pa. 

Mr. CHESTER LICHTENBERG, 140 Glenwood Boulevard, Schenectady, N. Y. 

Mr. Mervin L. Severy, The Redford, 1334 Commonwealth Avenue, Allston, 
Mass. 


NECROLOGY. 


Mr. William Stanley, Great Barrington, Mass 
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LIBRARY NOTES. 


PURCHASES. 


ARRHENIUS, SVANTE.—Quantitative Laws in Biological Chemistry. 1915. 

BeccARIA, GIAMBATISTA.—Treatise Upon Artificial Electricity. 1776. 

CHARNOCK, G. F.—Mechanical Technology. 1915. 

CosL_entz, W. W.—Investigations of Infra-red Spectra, pts. 3 to 7. 

EFFeEL, G.—Nouvelles recherches sur la resistance de!’ air. 2 volumes. 1914. 

GARDNER, W. M., ed.—British Coal-tar Industry. 1915. 

GoocH, FRANK A.—Representative Procedure in Quantitative Chemical 
Analysis. 1916. 

Municipal Year-book of the United Kingdom for 1914. 

National Association of Railroad Commissioners, Proceedings, 27. 1915. 

Readers’ Guide to Periodical Literature, Cumulated, vol. 3. 1910-1914. 

Readers’ Guide to Periodical Literature, Supplement, No. 3. 1916. 

West Virginia, Geological Survey—Lewis and Gilmer Counties. 2 volumes. 

West Virginia, Geological Survey—Wyoming and McDowell Counties. 2 
volumes, I9QI5. 

ZENNECK, J., and Seevic, A. E.—Wireless Telegraphy. 1915. 


GIFTS. 


Atlantic Deeper Waterways Association, Proceedings of the Eighth Annual 
Convention, 1915. Philadelphia, 1916. (From the Association.) 

Brandis & Sons Manufacturing Company, Catalogue No. 20 of Instruments 
of Precision. Brooklyn, N. Y., no date. (From the Company.) 

Buffalo Wire Works Company, Catalogue No. 8. Buffalo, N. Y., no date, 
1916. (From the Company.) 

Concord, New Hampshire, Water Commissioners, Forty-fourth Annual Re- 
port, 1915. Concord, 1916. (From the Board.) 

Deming Company, Catalogue No. 25 of Deming Pumps for Hand and Power. 
Salem, Ohio, 1916. (From the Company.) 

Denison University, Annual Catalogue, 1915-1916. Granville, Ohio, 1916. 
(From the University.) 

Indian Railway Conference Association, Proceedings of the Locomotive and 
Carriage Superintendents’ Committee, 1915. Moghalpura, Punjab, no 
date. (From the Association.) 

Indiana Engineering Society, Proceedings of the Thirty-fourth and Thirty- 
fifth Annual Conventions, 1914 and 1915. Indianapolis, 1914 and 1915. 
(From the Society.) 

Iowa State College of Agriculture and Mechanic Arts, General Catalogue, 
1916-1917. Ames, Iowa, no date. (From the College.) 

Massachusetts Board of Education, Seventy-ninth Annual Report, 1914-1915. 
Boston, 1916. (From the Board.) 

Mysore Government, Meteorological Department, Report on Rainfall Regis- 
tration in Mysore, 1914. Bangalore, 1916. (From the Department.) 
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National Commercial Gas Association, Proceedings of the Eleventh Annual 
Convention, 1915. New York, no date. (From the Association.) 

New York Central Railroad Company, Report of the Board of Directors to 
the Stockholders, 1915. New York, no date. (From the Company.) 
New Zealand Official Year-Book, 1915. Wellington, N. Z., 1915. (From the 

Government Statistician. ) 

Oberlin College, Annual Catalogue, 1915-1916. Oberlin, Ohio, 1916. (From 
the College.) 

Pennsylvania Board of Public Charities and Committee on Lunacy, Forty- 
fifth Annual Report, 1914. Harrisburg, 1915. (From the State Li- 
brarian. ) 

Pennsylvania Railroad Company, Sixty-ninth Annual Report, 1915. Phila- 
delphia, 1916. (From the Company.) 

Pennsylvania State Librarian, Report, 1915. Harrisburg, 1916. (From the 
State Librarian.) 

Philadelphia Electric Company Section of The National Electric Light As- 
sociation, Current News, vols. 11 and 12, 1915 and 1916. Philadelphia, 
1915. (From the Company.) 

Redwood Manufacturers Company, Catalogue No. 7 of Remco Redwood Pipe. 
San Francisco, no date. (From the Company.) 

Royal Canadian Institute, Transactions, November, 1915. Toronto, no date. 
(From the Institute. ) 

Society of Naval Architects and Marine Engineers, Transactions, vol. xxiii, 
1915. New York City, 1916. (From the Society.) 

Sydney University Engineering Society, Journal and Abstract of Proceedings, 
vols. xviii and xix, 1913-1914. Sydney, no date. (From the Society.) 
Taunton, Massachusetts, Water Commissioners, Fortieth Annual Report, 1915. 

Taunton, 1916. (From the Board.) 

University of Colorado, Catalogue, 1915-1916. Boulder, 1916. (From the 
University. ) 

University of North Dakota, General Catalogue, 1915-1916. University, no 
date. (From the University.) 

University of the State of New York, Ninety-sixth and Ninety-seventh An- 
nual Reports of the New York State Library, 1913 and 1914. Albany, 
1915 and 1916. (From the University.) 

University of Vermont, Catalogue, 1915-1916. Burlington, 1916. (From the 
University.) 

Virginia Geological Survey, Bulletin No. X, Surface Water Supply of 
Virginia, by G. C. Stevens. Charlottesville, 1916. (From the Survey.) 

Watuppa Water Board, Forty-second Annual Report, 1915. Fall River, Mass., 
1916. (From the Board.) 

Wheeler, C. H., Manufacturing Company, Catalogue, Condensing Equipment. 
Philadelphia, 1916. (From the Company.) 
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BOOK NOTICES. 

Evevators: A Practical Treatise on the Development and Design of Hand, 
Belt, Steam, and Hydraulic Elevators, by John H. Jailings. 224 pages, 
5'4x8"% inches, with index; 173 illustrations. Chicago, American Tech- 
nical Society, 1915. Price, $1.50. 

It is common experience that in the development of every sort of mechani- 
cal appliance no degree of technical acumen can replace the element of gradual 
evolution. Consequently the history of such developments in a given field 
is quite as important in determining a system and design to be adopted as 
are the fundamental principles employed in the arrangement of and determina- 
tion of sizes of its component parts. The present volume is devoted to the 
former phase of the subject and might properly be termed an album of 
designs representing past and present-day successful practice in elevator 
driving mechanism. Every variety of platform lift, from the one-story side- 
walk lift to the elaborate installations employed in high office building service, 
is described, along with its various controlling devices. Hydraulic elevators, 
a type whose value has been proved by widespread adoption for both high 
and low lifts, is given an adequate share of attention. A concluding chapter 
describes electrically driven elevators, including those equipped with push- 
button control for private use, and the recently developed gearless “ one-to- 
one” type which appears to be rapidly superseding the hydraulic systems. 

The discussion on the proper proportions of worm gears for the best 
efficiency, to which several pages are devoted, may be found at length in 
modern treatises on gearing. The space thus utilized might have been em- 
ployed to better advantage in giving an outline of the method in current 
use of determining the proportions of the very long plungers used in high- 
lift elevators, a problem peculiar to elevator work which will probably not 
be found analyzed in text-books on applied mechanics. As a descriptive 
treatise, however, of apparatus of past and present usefulness the book is a 
welcome addition to the somewhat scant literature of the subject. 

L. E. 


The Industrial Arts Index, which has recently completed its third year, is 
a cumulative index to 180 engineering and trade publications. It appears in 
February, April, June, October, and December of each year, and each num- 
ber is fully cumulated from the beginning of the year to the date of issue. 

The December number of each year is the annual volume and indexes 
all the articles in the publications of the year in one alphabet, under as many 
subject headings as may be necessary. As a guide to current literature the 
Index is extremely useful. 

Requests for sample copies or information as to rates of subscription 
should be made to the publishers, The H. W. Wilton Company, White Plains, 


New York. 


PUBLICATIONS RECEIVED. 
Mechanical Technology, being a treatise on the materials and preparatory 
processes of the mechanical industries, by G. F. Charnock. 635 pages, illus- 
New York, D. Van Nostrand Company, 1915. Price, $3. 


trations, plates, 8vo. 
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Practical Physiological Chemistry, a book designed for use in courses in 
practical physiological chemistry in schools of medicine and of science, by 
Philip B. Hawk, M.S., Ph.D. Fifth edition, revised and enlarged. 638 pages, 
illustrations, plates, 8vo. Philadelphia, P. Blakiston’s Son & Co., 1916. Price, 
$2.50. 

Michigan State Board of Health: Forty-second annual report of the 
secretary for the fiscal year ending June 30, 1914. 159 pages, 8vo. Lansing, 
Mich., State Printers, 1915. 

U.S. Bureau of Mines: Technical Paper 126, The Casting of Clay Wares, 
by Taine G. McDougal. 26 pages, illustrations. Washington, Government 
Printing Office, 1916. 

Oil Fuel, by Ernest H. Peabody. A paper presented at the International 
Engineering Congress, San Francisco, Cal., September, 1915, and reprinted 
from the Transactions. 134 pages, illustrations, plates, tables, 8vo. 

Pennsylvania Topographic and Geologic Survey: Oil and Gas Map of 
Southwestern Pennsylvania. 30 X 31 inches, with descriptive pamphlet. Harris- 
burg, State Printer, 1916. 

Athenaeum Subject Index to Periodicals, 1915. Issued at the request of 
the Council of the Library Association. Science and Technology, with special 
reference to the war in its technological aspects. 79 pages, quarto. Price, 
2s. 6d. Economics and Political Sciences: Law. 28 pages, quarto. Price, Is 
London, The Athenzum, 1916. 


Air-friction Automobile Speedometer. ANon. (Scientific 
American, vol. cxiv, No. 16, April 15, 1916.) —Depending upon the 
principle of air friction and consisting essentially of two metal cups 
fitting one into the other, but not touching at any point, a speedom- 
eter has been developed to a commercial stage after three years 
experimenting on the part of a leading watch company. The new 
speedometer is unique in that it does not employ the centrifugal or 
magnetic principle as do other types of speedometer in general use; 
instead, it relies on the friction of air as developed by the metal 
surfaces. The two main components of the speedometer in question 
are a driving cup, which is rotated by power from one of the auto- 
mobile wheels through flexible shafting, and, suspended over and 
around it, a driven cup The driven cup, carrying on its periphery 
indicating the miles per hour attained, is inverted over and around 
the driving cup. This cup, as is also true of the driving cup, i 
reality consists of a double cup. In operation, the driven cup gen- 
erates air friction which, were it not for a regulating hairspring serv- 
ing normally to maintain the indicating cup at the zero marking, would 
cause the latter to revolve. The hairspring is so adjusted that the 
speed readings are proportional to the angular deflections, experi- 
ments having shown that the air friction varies directly with the 
speed. 


Vor. 181, No. 1086—61 
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CURRENT TOPICS. 


Coating Metals with Zinc. ANON. (/ron Trade Review, vol. 
Ivili, No. 15, April 13, 1916.)—An interesting instance of adopting a 
process to changed conditions is found in a new apparatus for coating 
metals with zinc film. The Metals Coating Company of America has 
developed the Schoop metal spraying process in which zine wire or 
other metal wire is melted in a gas flame and projected under pressure 
onto the surface to be coated. Under present conditions in the metal 
market this wire has become exceedingly expensive. To fill the need 
for a less costly process, the apparatus has been modified to permit 
the employment of zinc in the less costly form of dust. It consists 
of a conical receptacle which has another similarly-shaped receptacle 
inside, with a small space between. Zinc dust is placed in the inner 
cone and compressed air is admitted through a hose at the top of the 
space between the two cones. A valve at the bottom of the inner 
compartment allows the zinc dust to be caught up by the air cur- 
rent and carried through a discharge tube to a spraying device. 
The zinc dust is there blown from an inner nozzle through an 
acetylene gas flame, the heat of which is sufficient to melt the zinc. 
In the melted condition the particles of zinc are projected at high 
velocity upon the surface to be coated by the action of the blast. 
Adjustable valves regulate the quantity of zinc dust allowed to pass 
into the air current and also the quantity of gas used to melt the 
metal. 

The apparatus weighs about twenty pounds and uses air at a 
pressure of about five pounds per square inch. Acetylene gas, the 
heating agent, is easily available, and has been found to give good 
results with zinc dust. The present cost of zinc wire is about $1.2 25 
per pound, while zine dust, which is a by-product of the zinc smelter, 
may be obtained at about thirty cents per pound. ‘The portability of 
the apparatus adds to its usefulness for work in the field in coating 
structural or bridge steel with a film of zinc to resist corrosion. 
Even at ordinary price levels the use of zinc dust is less expensive 
than wire, a feature which considerably broadens the application of 
this method of coating and makes possible its use on much larger 
surfaces than when zinc wire is used. 


Light Transmission Through Telescopes. MM. KoLLMORGEN. 
(Transactions of the Illuminating Engineering Society, vol. xi, No. 2, 
March 20, 1916.)—As is generally known, the amount of light energy 
which falls upon a glass surface is divided into two parts: a smz ler 
one which is re flected back into the original medium, and a larger one 
which continues into the glass and is refracted in it and, in the tele- 
scope, forms an image. The relative amounts of these two quantities 
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for vertical incidence can be readily computed in terms of the re- 
fracted indices of the media beyond and before the surface of inci- 
dence. The amount of light transmitted through each element of an 
optical instrument may be between 85 and 95 per cent. of the availa- 
ble total. Hence the efficiency in an optical instrument having a con- 
siderable number of elements, measured by the continued product 
of the efficiency of each component, may be objectionally low. For 
example, in a modern periscope gun-sight the efficiency of light trans- 
mission is 36.2 per cent., and this figure is reduced to 32.5 per cent. 
by absorption of the combined thickness of prisms and lenses. In 
some modern periscopes for submarines barely 20 per cent. of the 
available light reaches the observer. 

It would thus be a desirable thing if it were possible to treat the 
glass surfaces in such a way as to reduce reflection. It has been 
known for some time that it is possible to increase the reflecting 
power of a surface. Professor Wood, of Johns Hopkins University, 
some years ago made the remarkable discovery that by coating a 
glass surface with a thin solution of collodion a degree of reflection 
could be obtained quite out of proportion to the refractive indices of 
either the glass or the collodion itself. For optical work, however, 
just the opposite is desired, and, as very often is the case, chance has 
given us a hint which has already produced very desirable results. 
In 1904, H. Dennis Taylor, the well-known English lens expert and 
designer of the Cook lens, saw a very badly-oxidized photographic 
lens which had been returned to be repolished . Possibly just to find 
how much light was lost through this oxidation, he exposed two 
plates under identical conditions, one through a perfectly new, un- 
tarnished lens, the other the badly-oxidized specimen. To his great 
surprise he found that the plate taken with the badly-tarnished lens 
had received considerably more light than that taken with the new 
lens, and, acting upon this hint he sought means of oxidizing lenses 
artificially. He soon found chemicals that would attack at least some 
of the glasses used in optical instruments. His treatment consists in 
immersing the lens immediately after polishing for a short time in 
an aqueous solution of ammonia and hydrogen sulphide. Experi- 
menting further along the same lines, the writer has found means of 
oxidizing most of the glasses used in optical work. Using a barium 
crown glass of refractive index of about 1.6, the untreated glass, in 
agreement with the Fresnal formula and with photometric measure- 
ment, transmitted 89 per cent. of the light, while of a set of similar 
treated samples the best transmitted 96 per cent. When a number 
of these are mounted in series, the difference in reflecting power is 
easily observed by the unaided eye, but the photometer shows that 
the amount of light taken away from the reflected part is actually 
not absorbed by the roughness of the surface, but is added to the 
transmitted part. 
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Oxy-acetylene Welding in Heavy Sections. C. Kk. Bryce. 
(Steel-[ron, April, 1916.)—Fusion welding by the oxy-acetylene 
process in both cast iron and steel of heavy sections is meeting with 
greater favor as the engineering and mechanical fields gain more 
confidence in the process and grow to appreciate its merits and 
limitations. The process has been established for a sufficient length 
of time to point out the fundamental methods of procedure. As the 
subject is more carefully studied, various experiments and changes 
will be introduced which will add greatly to the quality and economy 
of the process. In the present stage of the process experience has 
shown certain limitations. 

In steel welding, where the section welded is submitted to strain, 
the greatest success has been attained in sections under six inches 
if square and five inches if round. In plate work, metal 1', to 1% 
inches in thickness has been welded satisfactorily. In cast iron the 
size of the section is limited only by the amount of pre-heating that 
can be given it and effect the resulting expansion. Sections as 
heavy as 12, 14, and 16 inches have been welded successfully. All 
heavy work should be pre-heated. In cast iron this is necessary in 
order to eliminate chance of failure through contraction and ex- 
pansion strains. While the chance of failure in steel is not as great 
because of this, nevertheless the internal strains in the weld will be 
reduced by the procedure. In additon to offsetting the mechanical 
difficulties, pre-heating should be used to introduce a certain quantity 
of heat into the metal that would otherwise be supplied by the blow- 
pipe, thus considerably reducing the cost of the operation. 


Beams Without Lateral Support. R. FLEMING. (Engineering 
News, vol. 75, No. 14, April 6, 1916.) —The percentage most widely 
adopted of tabular safe loads for beams supported sidewise to be 
used for beams not so supported are those given in the Pencoyd 
book, * Steel in Construction,” 1884, ed’  . by James Christie. As 
long as it was published the Pencoyd book retained the table of these 
values. The table will be found in editions of the Carnegie * Pocket 
Companion " for 20 years previous to 1913. It is still in the hand- 
books of the Bethlehem Steel Company, The Jones & Loughlin Steel 
Company, and the Phoenix Iron Company. It is also in Kent and 
IXKidder and quoted by many writers. To many who have accepted 
these values as the result of precise investigation, Mr. Christie's 
views on the subject 25 years after they were first published will be a 
surprise. 

‘Some experiments were made on beams of considerable length 
in proportion to cross-section and without lateral support, the object 
being to ascertain approximately how the working loads should 
decrease as the length of the beam increased. As I remember it, 
the results of these experiments were unsatisfactory, and, although 
tables were formulated suggesting a scale of reduction for loads on 
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long beams without lateral support, yet these tables had neither a 
rational nor an experimental basis, but were derived by a general 
estimate of probabilities. For long beams, when the beam is reason- 
ably straight and its load free from vibration, a large load appeared 
to be safely borne. But this was not the case when lateral vibrations 
were set up. The long beam heavily loaded appeared to be in a 
state of unstable equilibrium.” 

Subsequent investigation does not appear to have placed these 
load-reduction factors on a more rational basis. The writer sug- 
gests the formula 19000—250 //, (/= unsupported length; b = width 
of compression flange) for the unit stress, to be used when the 
lateral unsupported length exceeds 12 times the width of the com- 
pression flange. The length should in no case exceed 50 times the 
width of the compression flange. 


Bahia’s Trade in Diamonds and Carbonados. R. FRAzER, JR. 
(U. S. Commerce Report, No. 41, February 18, 1916.)—There is a 
considerable business done at Bahia ( Brazil) in both rough diamonds 
and carbonados (miner's diamonds), but exact figures cannot be 
given as to the volume of the trade. That it is of some importance, 
however, is evident from the fact that 11,803 carats of rough dia- 
monds and 3714 carats of carbonados were invoiced at the Bahia 
consulate for shipment to the United States alone in 1915. It is 
interesting to note that the state of Bahia is the only part of the world 
in which high-grade carbonados are found. The mining of precious 
and semi-precious stones is carried on here chiefly by individuals, or 
at least by small-scale enterprises, and not by large companies that 
both mine and export their own product. The stones, therefore, 
arrive at Bahia, the centre of the trade, singly or in small lots, and 
are there bought up by middlemen and exporters. 

The stones most difficult to obtain in any quantity are, of course, 
those larger than 34 to 1 carat, but stones of the former weight and 
mélés of % carat or less are comparatively plentiful. Various lots 
of rough diamonds and carbonados of mixed sizes have lately been 
invoiced at this consulate at prices ranging from $g to $30 and $15 to 
$30 per carat respectively, while the average prices for the year 
1915, as declared at this consulate, were $18 per carat for diamonds 
and $32 for carbonados. The average value of the diamonds ex- 
ported was, therefore, less per carat than the carbonados. At pres- 
ent, mélés of %-carat stones or smaller should be obtainable at 
about $10 per carat; '4-carat stones, $12 to $14; '%-carat, $16 to 
$20; 3%4-carat, $20 to $23; I-carat, $25, and from 2 carats upward, 
$35. It is believed that these prices may be taken as approximately 
average ones, although it is impossible to give exact figures with 
respect to articles which vary so greatly in value with small differ- 
ences in quality. 

Bort is not plentiful at Bahia, and very little is dealt in, it being 
said that the prices asked for it are higher than for bort from other 
origins. 
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A Method for the Determination of Free Caustic Alkali in 
Soap. F. H. Newrncron. (Journal of the Society of Chemical 
Industry, vol. xxxv, No. 2, January 31, 1916.)—It is well known 
that the addition of common salt to an aqueous solution of soap 
“salts out’ or completely separates the soap. This separation of 
soap can be effected equally well by means of sodium sulphate, and 
any free caustic alkali in the sample is separated by the aqueous 
sodium sulphate solution. The caustic alkali thus extracted is free 
from soap, and may be readily determined by titrating with N/1o 
sulphuric acid, using silver nitrate as a spot indicator. The ad- 
vantage of using sodium sulphate to “ salt out’ the soap is that by 
this means a solution is obtained which will not produce an in- 
soluble compound with the silver nitrate used as an indicator in the 
titration. If sodium chloride were used to salt out the soap, the 
solution obtained would, of course, form the insoluble chloride with 
the silver nitrate and hence leave no soluble silver salt to react with 
the hydroxide. A 5 per cent. solution of silver nitrate is sufficiently 
strong to precipitate any small amount of chloride that may be dis- 
solved from the soap, and still to leave an excess of silver nitrate 
to react with the hydroxide. This method has been found quite 
satisfactory in testing toilet, household, and soft soaps, as well as 
soft soap substitutes. 


Radium, Uranium, and Vanadium in 1915. ANon. (U.S. 
Geological Survey Press Bulletin, No. 256, January, 1916.)— 
Radium, uranium, and vanadium are closely connected in occurrence 
in the principal fields, Colorado and Utah, but in 1915, although the 
European war caused a great slump in the production of ores of 
radium and uranium, it caused a considerable increase in the produc- 
tion of ores of vanadium. 

According to reports for 1915 received by the United States 
Geological Survey and compiled by Frank L. Hess, the output was 
23.4 tons of uranium oxide and 6 grammes of radium contained in 
the carnotite ores produced, and 635 tons of vanadium contained in 
the carnotite ores shipped and in the chemical concentrates from the 
roscoelite ores. In 1914 the ores produced contained 87.2 tons 
uranium oxide, 22.3 grammes radium, and 435 tons vanadium. 

The United States has much the largest known radium-bearing 
deposits of the world, but the market for radium is mostly in Europe, 
for, though Americans like to feel that they are sufficiently progressive 
to take hold of and use to the full new discoveries, inventions, and 
processes, yet the European municipalities and hospitals have been 
buying and utilizing most of the radium produced. When the war 
began, therefore, causing European money to flow into other channels, 
the demand for radium fell off so greatly that there was practically 
no market for radium or uranium ores in the early part of 1915, and 
very little market during any part of the year. Mining of carnotite 
ores, except by the National Radium Institute (Inc.) under the 
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supervision of, and in cooperation with, the Bureau of Mines, and 
except for such work as was necessary for assessment work to hold 
claims, was nearly stopped. 

The Institute mined nearly the 1000 tons of ore contracted for 
from the Crucible Steel Mining and Milling Company’s claims in 
Long Park, Montrose County, Colo., and obtained 70 tons of con- 
centrates, carrying about 3 per cent. of uranium oxide, by concentrat- 
ing material carrying 0.7 per cent., which had been thrown on the 
dumps. The Institute fully accomplished its purpose to work out a 
practical process of producing radium at a cost much below the market 
price of the element and crystallized out radium salts containing 6 
grammes of the element. It delivered during the year 3.006 grammes 
of radium (element) at a cost of $37,599 per gramme. Near the close 
of the year 1.1 grammes of radium (element) was contracted for by 
a private company for $132,000, or $120,000 a gramme. This com- 
parison shows the great success of the work of the Bureau of Mines. 
Its ore concentration method seems to have also been highly success- 
ful. After mining its quota of ore from the Crucible Steel Mining 
and Milling Company’s property, the Institute came into the market 
as a purchaser of ore. 

In the later half of the year Dr. W. A. Schlesinger and associates 
established a radium reduction plant in Denver. They acquired an 
interest in the Copper Prince claims, from which ore was mined, and 
bought a further quantity. Ore carrying about 5000 pounds of 
uranium oxide, containing about 640 milligrammes of radium, was 
treated during the year. 

The Carnotite Reduction Company, made up of Dr. H. N. McCoy, 
of the University of Chicago, and associates, purchased from Gallo- 
way and Belisle a quantity of ore which had been stored in Placerville, 
Colo., and the radium will be extracted in Chicago. The company will 
mine ore from claims it has bought. 

The Standard Chemical Company did no work on its claims except 
that required by law, but in this work produced and shipped a quantity 
of ore from its properties in Colorado and Utah, and purchased, it is 
stated, a considerable number of claims. It was reported in Decem- 
ber that the company had produced a total of 14 grammes of radium 
(elemental) and that its ore had averaged 1.7 per cent. uranium oxide. 
Probably between 4 and 5 grammes of this quantity was produced 
during 1915. 

The production of radium salts in this country during the year 
was probably nearly 11 grammes. 

Only a small quantity of ore is thought to have been shipped to 
Europe during the year. J. S. McArthur & Co. shipped one lot of 
ore from its claims near Greenriver, Utah, to Glasgow, Scotland. 


Peptone as an Addition Agent in Stannous Ammonium 
Oxalate Baths. F.C. Maruers and B. W. Cocxrum. (Proceed- 
ings of the American Electrochemical Society, April 27-29, 1916.) — 
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Tests of tin-plating baths by these investigators indicated that the 
best tin deposit is obtained from a sannous ammonium oxalate bath 
containing peptone as an addition agent. Without the peptone the 
deposit is of no value as a protecting coat, because it consists of pro- 
jecting needle-like crystals. The effect of the peptone is very 
remarkable. As soon as it was added, the tendency to form the pro- 
jecting, loosely-adhering crystals ceased and the deposits became so 
smooth and finely crystalline that thick cathodes (0.5 to 1 cm. thick) 
could be prepared, and so firm and coherent that shavings could be 
cut from the deposit with a knife. Clove oil, glue, gelatine, and 
formin, agents which have been found effective with other metals, 
were practically without any beneficial influence in preventing the 
formation of crystals. Carbon disulphide, even in small amounts, 
made the deposit spongy and non-adherent, a condition which per- 
sisted until the carbon disulphide was exhausted, when the deposit 
again became crystalline. 

The addition of peptone to the stannous ammonium oxalate bath 
is essential for the production of a thick, smooth, finely crystalline 
deposit of tin. No other tin bath (except possibly the sulphide, which 
was not tried )is known from which such a thick, smooth deposit can 
be obtained. A good composition of bath is : 5 per cent. stannous 
oxalate, 6 per cent. ammonium oxalate, 1.5 per cent. oxalic acid, and 
0.25 per cent. peptone. The stannous oxalate may be easily made by 
precipitating a solution of stannous chloride with oxalic acid. The 
bath was run at room temperature at 0.4 ampére per square deci- 
metre (3.6 per square foot). The solution must be stirred at intervals. 


Wireless Achievements at Tufts College. ANon. (The Elec- 
trical Review and Western Electrician, vol. 68, No. 16, April 15, 
1916.)—The transmission of music by wireless with a small amount 
of power, giving a range of more than 100 miles, so that ships at 
sea have picked up tunes, has been brought about at the station of 
the American Radio & Research Corporation at Tufts College, Massa- 
chusetts, of which Harold J. Power is general manager. The mere 
fact of sending music to the distance mentioned is not of itself a 
remarkable feat, but by means of a novel method of introducing the 
sounds in the radiated waves, resulting in articulation and loudness 
in the waves received, a marked gain has been achieved. 

To provide the high-frequency current necessary, Professor 
Power employed an oscillon bulb, the invention of Lee de Forest, of 
New York. It is recognized that there are two important factors in 
the successful transmission of wireless telephone messages. One is 
the generating of high-frequency currents, and the other is the 
modulation in accordance with the voice or the music to be trans- 
mitted. It is the latter of these two problems that Professor Power 
is especially interested in, because the De Forest oscillon is recognized 
as a perfect means of generating the needed high-frequency current. 
It has been possible for some time to obtain sufficient power to 
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transmit telephone messages to any distance, but how to introduce 
the voice in high-power stations in a practical manner is the great 
problem of radio telephony, and to this branch of work Professor 
Power is now devoting much attention. His device for introducing 
the voice is far from perfected as yet, but, from reports thus far 
received, successful results have been obtained. Operators at several 
stations on Cape Cod have reported recording the strain of well- 
known popular airs produced by a phonograph, and, in some instances, 
steamers entering: boston reported picking up the music more than 
100 miles out from port. 

The radio station is one of the most complete in the country. 
Students at Tufts College have the facilities at their disposal for 
experimental work, though the plant is owned by a private corpora- 
tion, and a number of valuable results have been developed by 
numbers of the Tufts Wireless Club. 


Land Drainage by Means of Pumps. S. M. \WWoopwarp. (United 
States Department of Agriculture, Bulletin No. 304, November 19, 
i915.) —The drainage of low-lying lands by the use of pumping ma- 
chinery to lift the drainage water over levees into adjacent streams or 
other drainage channels is a recent development in this country. Along 
the banks of our larger interior rivers considerable areas of bottom 
land are subject to overflow from the adjacent streams during the 
high water occurring usually with great regularity throughout the 
spring and early summer months. Such lands in their native state do 
not become dry enough to be subjected to ordinary cultural operations 
until well toward the middle of the summer, and hence can not be 
used for growing ordinary crops. In this natural condition they are 
therefore good for nothing but pasture, and have accordingly but 
little agricultural value. 

So long as there exists in a locality any unoccupied or unutilized 
higher land suitable for agriculture there is little demand for the 
use of lands lying so low as to require the use of pumps. But the 
present high price of agricultural land justifies a heavy expenditure 
for the conversion to a productive state of areas formerly considered 
almost valueless, especially in those regions where agricultural land 
values are particularly high, either on account of unusually favorable 
natural conditions or the proximity of large centres of population. 

Drainage by means of pumps has been carried on in European 
countries for the last 100 years, and has been rapidly increasing in 
this country during the last 25 years. Through this extensive ex- 
perience, including numerous failures, a considerable amount of 
knowledge is now available on the subject of the proper arrangement 
and the requisite capacity of pumping plants. Notable examples of 
successful work of this character are found in Holland, eastern 
England, and in Ireland, while large marsh areas in both northern 
and southern Italy depend upon pumps for adequate drainage. The 
pumps which were first used were the well-known scoop wheel and 
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Archimedean screws which were driven by windmills. In modern in- 
stallations, however, the pumps are invariably of the centrifugal type, 
driven by a steam, gas, or electric motor. 


Performance of 30,000-Kw. Steam Turbo-generators. ANON. 
(Electrical lVorld, vol. 67, No. 20, May 13, 1916.)—The extent to 
which the steam turbine has displaced the piston engine in large 
units is strikingly shown by the performance of the 30,000-w. units 
recently installed in the Seventy-second Street Station of the Inter- 
borough Rapid Transit Company of New York. In 1900 this station 
housed eight Reynolds Allis-Chalmers steam engines of a double 
combination horizontal-vertical cross-compound design. Each unit 
was rated at 5000 Kw., with a maximum rating of 7500 Kw. Ina 
space no greater than taken by one of these units a 30,000-Nw. tur- 
bine unit now stands, operated from the same boilers now equipped 
with underfeed stokers, and superheaters to give 200 degrees of 
superheat when the boilers are delivering three times their rated out- 
put. The boiler pressure is 205 pounds per square inch gauge. The 
steam engines operated originally at 175 pounds gauge and no super- 
heat. The cost of the engines, gener rators, and condensers was $40 
per kilowatt, while the cost of the new turbine and condensers is $9 
per kilowatt. The steam engine water rate was 17 pounds per 
kilowatt-hour, as compared with about 11.4 for the turbines operating 
under similar load conditions. 

The performance of the unit in outclassing in operating efficiency, 
cost, space requirements, and ability to handle swinging loads amply 
establishes the enviable position of the steam turbine as a prime 
mover. The old engines, which at the time of their installation rep- 
resented the last word in engine design, found no purchaser but the 
junk dealer. It is also interesting to note that, although it was de- 
cided two years ago to use this new type of turbine, changes in the 
art and operation in the interim have been such that the company will 
now install a 70,000-Kw. cross-compound unit with three generators, 
any one of which may be operated independently if desired. Thus 
this art of generating electricity in steam-turbine driven stations has 
advanced to a point where, up to load factors of approximately 60 
per cent., a kilowatt-hour of electrical energy can be manufactured 
more cheaply by this means than by water power. 
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Awarded the John Scott Medal by the City of Philadelphia 
on the recommendation of The Franklin Institute 


Engineers will find this machine is un- 
equalled for writing and performing all arith- 
metical calculations. 

It is a high speed Typewriter and a high 
speed Adding Machine. 

It is a nine bank machine useful for all 
kinds of commercial work as well as for En- 
gineering work. 


For particulars address 


ELLIS ADDING-TYPEWRITER CO. 
338 ELIZABETH AVENUE NEWARK, N. J. 


Your courtesy in mentioning the Journal will be appreciated 
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THE MOORE & WHITECO. 


PHILADELPHIA, PA., U.S.A. 
Paper-making Machinery 
Builders of | Friction Clutch Pulleys 


Variable Speed Changes 


WANTED— <4 man of thorough technical training and 
experience in analysis and heat treatment of Steel Alloys, 
to take charge of a Chemical Laboratory in a Factory. 
State training, experience and salary. 

CURTISS AEROPLANE C0. 
Research Dept. Churchill St., Buffalo, N. Y. 


Library of The Franklin Institute 


A most complete scientific and technical collection 
96,700 titles 


Electricity, chemistry, geology, mining and metallurgy, mechanics 
and engineering, physics, etc. 

Bound files of the leading technical magazines of all countries. 

Complete sets of the publications of the principal scientific societies 
of the world. 

United States and foreign patent reports. 


Translations The Library is prepared to undertake a limited 
amount of work in connection with the verification 


References Verified of references, translations and copying from Eng/ish, 
German, and French books and periodicals. A mod- 


Articles Copied erate charge will be made to cover expense. 


Inquiries relating to the Institute and applications for membership 
should be addressed to the 


SECRETARY OF THE INSTITUTE 


Your courtesy in mentioning the Journal will be appreciated 
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WILLIAM SELLERS & CO. 


INCORPORATED 


PHILADELPHIA, PA. 


Modern Machine Tools 


TOOL-GRINDING MACHINES 
DRILL-GRINDING MACHINES 


High-Speed Traveling Cranes, 
Swing Cranes, &c. 

| BORING AND TURNING MILLS 
DRILLING AND BORING MACHINES 


Improved Injectors for Boilers | 


SHAFTS, HANGERS, COUPLINGS, PULLEYS, 
ETC. =: : FOR TRANSMITTING POWER 


Your courtesy in mentioning the Journal will be appreciated 
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Link- ‘Belt Silent an The Efficient method 


of transmitting power 


Gear, More efficient than either. 


We furnish drives from 
% h. p. to 500 h. p. and over, 
to operate at any practicable 
speed, on short or long cen- 
ters. Over 98% efficient. 


For details and prices, see 112- 


page price list Data Book No. 125. 


Look for the 
liners in 
the joints 


Look for the 
name on 
the washers 


NICETOWN, 


COMPAN) 


RICHARD G. WOOD, Pres’t W. W. LUKENS, Sec’y and Ass’t Treas. 
J. R. JONES, Vice-Pres’t and Treas. HOWARD WOOD, JR., Ass’t Secy. 


Business Established 1826 


Alan Wood Iron and Steel 
Company 


Manufacturers of 


PIG IRON, BASIC OPEN HEARTH STEEL BILLETS, 
BLOOMS, SLABS, STEEL SHEETS 


HEAVY SHEARED PLATES 


SPECIALTIES 
Locomotive Jacket, Blue Annealed, Bath Boiler. Gas Holder, Corrugated, 
A. W. Clean, M. F. Cold Rolled Sheets. Pickled and Cold Rolled Sheets, 
Water Pipe and Light Plates. 
“A. W.” Diamond and ““A. W.”" Ribbed Pattern Rolled Steel Floor Plates 


Sizes Furnished on Application 


New York Office Widener Building, Philadelphia 


50 Church Street 


Your courtesy in mentioning the Journal will be appreciated 
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H. BAYARD HODGE, Sec'y & Treas, 


JOSEPH S. KEEN, Pres't & Gen'l Manager 
W. H. ROTH, Ass’t Sec’'y & Ass't Treas. 


GEORGE M. BUNTING, Vice-Pres't 


American Pipe 
and Construction Company 


Engineers and Contractors 


112 North Broad Street 


J. W, LEDOUX, M. Am. Soc. C. E., PHILADELPHIA 


Chiet Engineer. 
JAMES H. DAWES, 
Gen’! Supt. Construction Dept. 


HAROLD PEROT KEEN, 
Gen’! Supt. Operating Dept 


THE LEEDS & NORTHRUP CO. 
ELECTRICAL MEASURING INSTRUMENTS 


Apparatus for the measurement of resistance, capacity and inductance. Temperature measuring 
devices. Cable testing apparatus. Electrical measurements laboratories equipped. 


4901 STENTON AVENUE PHILADELPHIA 


| i 2200 WASHINGTON AVENUE, PHILADEL OH A PA. 


INGOTS. CASTINGS, WIRE, SHEETS. RODS. Etc. 


. — DELTA METAL — 
-IN BARS FOR FORGING AND FINISHED RODS 
REG. U.S. PAT. OFF ORIGINAL ano Sore Makers In THe US 


Your courtesy in menticning the Journal will be appreciated 
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BOOK-BINDING 


OLDACH COMPANY 
51 N. SEVENTH STREET, PHILA. PLAIN AND EXTRA 


( POWERS. ROSENGARTEN co. ) 


CHEMICALS 


MEDICINAL 
TECHNICAL 
"PHOTOGRAPHIC 


PHILADELPHIA 
NEW YORK ST.LOUIS 


THE ALUMNI ASSOCIATION OF THE FRANKLIN INSTITUTE 


is always glad to refer inquiries for engineers, draftsmen, 
etc., to its members. 

Since its organization, the association has received many 
such requests and several past graduates of The Franklin 
Institute School of Mechanic Arts have been recom- 
mended to fill positions. 


The McDaniel Improved Steam Trap 


DISCHARGES CONTINUOUSLY AND NEVER BLOWS STEAM 
WATER GAUGES ARE USED TOSHOW THE WORKING OF THE TRAP 
Made Extra Heavy for High Pressure 
We also manufacture Reducing Valves, Exhaust Pipe Heads, Separators for Live 


and Exhaust Steam, Blow Off Valves, Relief Valves, Ejectors, Pump Governors, 
etc. SEND FOR CATALOGUE, 


WATSON & McDANIEL CO., 


Your courtesy in menticning the Journal will be appreciated 
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1840 Standard of Excellence 1916 
HENRY TROEMNER’S 
Assay and Analytical 
BALANCES and WEIGHTS 
All Selene Uses 


Used by the Government of United 
States, Canada, Mexico, and China 


Price-list on Application 


HENRY TROEMNER 


HYDRAULIC PRESSES 


We are always prepared to make tests of all kinds 


ges TINIUS OLSEN TESTING MACHINE CO. 
~ 500 North Twelfth Street, Philadelphia, Pa. 


J. E. LONERGAN CO. 


Manufacturers of 


OILING DEVICES WHISTLES 
POP SAFETY VALVES and 
STEAM BOILER APPLIANCES IN GENERAL 


211-213-215 Race Street, Philadelphia, Pa. 


OPEN HEARTH 


scription for 
Electrical Machinery, Dredging, Rolling, and 
Sugar Mill Machinery, Locomotive, Railroad, 


and Bridge Work, etc. 


CEMENTATION Steel of 
all shapes and 
sizes, from 1 Ib. 

up. Superior for Crank-shafts, Gearing, and 

other ~ where great wearing results are 


required 


Correspondence Solicited 


CHESTER STEEL CASTINGS CO. 
Works, Chester, Pa. Office, 407 Sansom St., Phila., Pa. 


Your courtesy in mentioning the Journal will be appreciated 
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TESTING MACHINES 


KEYSTONE SCREW CO. 
1815 Bristol Street 
Philadelphia 


Round, Flat, Fillister and Special Head 
Rolled Thread Machine Screws 


Specially Equipped for the Plating of Small Pieces in Nickel, 
Brass, Bronze, Copper and Zinc 


MINIATURE PRECISION D. C. INSTRUMENTS 


The same degree of mechanical and electrical excellence which has won pre-eminence 
for the larger Weston Models is embodied in these wonderful little masterpieces of the 
instrument maker's art. The finest watch is a less striking example of perfection in 
refined workmanship. They are accurate, dead-beat, extremely sensitive. They are 
shielded against external electrical and mag- _ 
netic influences. Despite their great refine- 
ment in workmanship, they are very sub- 
stantially constructed and have the longest 
scale ever provided in instruments of similar 
size. In short, they are the finest develop- 
ment of small instruments of the pivoted 
moving coil, permanent magnet type. And 
the prices are low. 

The several models and ranges offer a 


selection from over 300 different combina- 
tions. The Switchboard Instruments are 
listed in Bulletin No. 20and Portable Instru- 
ments in Bulletin No. 501. They will be 
mailed on request. 


Weston Electrical Instrument Co. 
33 Weston Ave., Newark, N. J. 


Branch Offices in the Larger Cities 
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THE FRANKLIN INSTITUTE 
ANNOUNCEMENTS 


MEETINGS 


COMMITTEE ON SCIENCE AND THE ARTS. First Wednesday of 
each month, 8 P.M. (except July and August). 

BOARD OF MANAGERS. Second Wednesday of each month, 3.30 P.M. 

INSTITUTE. Third Wednesday of each month (except June, July, 
August and September), 8 P.M. 

SECTION MEETINGS. Thursday Evenings (except week of Institute 
Meeting), 8 o’clock. October 1 to April 30. 


Officers for 1916. : xii 
Awards and Premiums. ‘ xiv 
Elliott Cresson Medal : xv 
John Scott Legacy, Medal and Premium ‘ ‘ xvi 
Boyden Premium . ; xvii 
Potts and Longstreth Medals é xviii 
Library ‘ ‘ . iv, xix 
Journal and Indices ‘ xix 
School of Mechanic Arts . xx 


CHANGES OF ADDRESS 


Members are particularly requested to inform the Secretary 
of changes of address. 
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OFFICERS FOR 1916 


PRESIDENT WALTON CLARK 


VICE-PRESIDENTS HENRY Howson 
COLEMAN SELLERS, JR. 
Louis E. Levy 

SECRETARY R. B. OWENS 

TREASURER Cyrus BORGNER 


BOARD OF MANAGERS 


Francis T. CHAMBERS HARRY F. KELLER 
CHARLES E. BONINE RoBerRT W. LESLEY 
CHARLES Day MARSHALL S. MorGAn 
KERN DODGE Epw. V. McCaFFrey 
W. C. L. EGLIN RICHARD WALN MeEtrs 
WALTON FORSTALL IsAAC NorRIS, JR. 
ALFRED W. GIBBS LAWRENCE T. PAuL 
EDWARD GOLDSMITH R. S. Perry 

ALFRED C. HARRISON ALEXANDER P. ROBINSON 
GEORGE R. HENDERSON JaMEs S. ROGERS 
CHARLES A. HEXAMER Gero. D. ROSENGARTEN 
GrEorRGE A. HOADLEY E. H. SANBORN 


C. WETHERILL 
BOARD OF TRUSTEES 


JosepH C. FRALEY, President 


L. AUSTIN JOHN GRIBBEL 
CHARLES A. BRINLEY ALFRED C. HARRISON 
WALTON CLARK FREDERICK ROSENGARTEN 


The Board of Trustees was formed in accordance with the following 
By-Laws passed in the year 1887: 


All Real and Personal Estate of the Institute which may hereafter be acquired 
by voluntary subscription or devise, bequest, donation, or in any way other than 
through its own earnings or by investment of its own funds, saving where the 
donors shi ull expressly provide to the contrary, shall be taken as acquired upon 
the condition that the same shall be vested in a Board of Trustees, who shall be 
appointed in the manner hereinafter indicated. Unless the title tosuch property 
shall be directly vested in said Board of Trustees by the donors, the Institute ‘i 
by deed attested by the President and Secretary, which they are hereby author- 
ized to execute and deliver, shall forthwith convey the same to said Trustees, 
who shall hold it in trust for the purposes specifically designated by the donors; 
or, if there shall be no specific designation, for the benefit of the Institute in the 
way and manner hereinafter provided, so that the same shall not, in any event, 
be liable for the debts of the Institute. 


This method of separating the body holding the principal of the various 
funds from the Board of Managers, the spending body, is an original idea 
of The Franklin Institute and it is hoped it will appeal to friends who may 
desire to create funds to further the objects of the Institute, and the 
various branches of science in which they may be interested. 
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MEMBERSHIP. 
Terms and Privileges. 


THE MEMBERSHIP OF THE INSTITUTE is divided into the following 
classes, viz.: Resident Members, Stockholders, Life Members, Permanent Members, 
Non-resident and Associate Members. 

Any one interested in the purposes and objects of The Institute and ex- 
pressing a willingness to further the same may become a member when proposed 
by a member in good standing and elected by the Board of Managers. 


TERMS.—Resident members pay Fifteen Dollars each year. The payment 
of Two Hundred Dollars in any one year secures Life Membership, with exemp- 
tion from annual dues. 


STOCK.—Second-class stockholders pay an annual tax of Twelve Dollars 
per share, and the holder of one share is entitled by such payment to the 
privileges of membership. 


PRIVILEGES.—Each contributing member (including non-residents) and 
adult holder of second-class stock is entitled to participate in the meetings of 
The Institute, to use the Library and Reading Room, to vote at the Annual 
Election for officers, to receive tickets to the lectures for himself and friend, to 
attend the Section meetings and to receive one copy of the JOURNAL free of 
charge, except associate members, who may not take part in elections. 


PERMANENT MEMBERS.—The Board of Managers may grant to any 
one who shall in any one year contribute to The Institute the sum of One 
Thousand Dollars a permanent membership, transferable by will or otherwise. 


NON-RESIDENT MEMBERS.—Newly elected members residing perma- 
nently at a distance of twenty-five miles or more from Philadelphia may be 
enrolled as Non-resident Members, and are required to pay an entrance fee ot 
Five Dollars, and Five Dollars annually. Non-resident Life Membership, $75.00. 


Contributing members, if eligible, under the non-resident clause, on making 
request therefor, may be transferred to the non-resident class by vote of the 
Board of Managers, and are required to pay Five Dollars annually. 

ASSOCIATE MEMBERS.—Associate members are accorded all the privi- 
leges of The Institute, except the right to vote or hold office, upon the payment 
of annual dues of Five Dollars. This class of membership is limited to persons 
between the ages of seventeen and twenty-five years. Upon reaching the age 
limit they become eligible to the other classes of membership. 


RESIGNATIONS must be made in writing, and dues must be paid to the date 
of resignation. 


For further information and membership application blanks address the 
SECRETARY of THE INSTITUTE. 
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THE FRANKLIN INSTITUTE AWARDS 


The following awards are made by, or on the recommendation of 
The Franklin Institute 
acting through its Committee on Science and the Arts: 


THE FRANKLIN MEDAL 

THE ELLIOTT CRESSON MEDAL 

THE HOWARD N. POTTS MEDAL 

THE JOHN SCOTT LEGACY MEDAL AND PREMIUM 
THE EDWARD LONGSTRETH MEDAL OF MERIT 
THE CERTIFICATE OF MERIT 


The Franklin Medal 
(Gold Medal and Diploma).—This Medal is awarded annually from the Frank- 
lin Medal Fund, founded January 1, 1914, by Samuel Insull, Esq., to those 
workers in physical science or technology, without regard to country, whose 
efforts, in the opinion of the Institute, acting through its Committee on Science 
and the Arts, have done most to advance a knowledge of physical science or its 
applications. 

The Elliott Cresson Medal 
(Gold Medal and Diploma).—This Medal is awarded for discovery or original 
research, adding to the sum of human knowledge irrespective of commercial 
value; leading and practical utilizations of discovery; and invention, methods 
or products embodying substantial elements of leadership in their respective 
classes, or unusual skill or perfection in workmanship. (See page xv.) 

The Howard N. Potts Medal 
(Gold Medal and Diploma).—This Medal is awarded for distinguished work 
in science or the arts; important development of previous basic discoveries; 
inventions or products utilizing important principles or of superior excellence; 
and for papers of especial merit that have been presented to The Institute and 
published in its Journal. 

The Edward Longstreth Medal of Merit 
(Silver Medal and Diploma).—This Medal, with a money premium when the 
accumulated interest of the Fund permits, may be awarded for meritorious 
work in science or the arts; including papers relating to such subjects originally 
read before The Institute, and papers presented to The Institute and pub- 
lished in its Journal. 

The Certificate of Merit 
A certificate of merit is awarded to persons adjudged worthy thereof for their 
inventions, discoveries or productions. : 

The John Scott Legacy Medal and Premium 
Is awarded by the Board of Directors of City Trusts of the City of Philadelphia, 
on the recommendation of The Franklin Institute. (For conditions see 
page xvi.) 

The Boyden Premium. 
Is to be awarded by The Franklin Institute under conditions detailed on 
page xvii. 

Further information regarding the above awards may be obtained by addressing 

the Secretary of The Institute. 
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THE FRANKLIN INSTITUTE AWARDS 


THE ELLIOTT CRESSON 
MEDAL 


THE FRANKLIN INSTITUTE awards the ELLIOTT 
CRESSON GOLD MEDAL under the provisions of the 
Deed of Trust from ELLIOTT CRESSON of the City of 
: Philadelphia, dated the Eighteenth day of February, 1848, 
be on the recommendation of its Committee on Science 
and the Arts. 

“This Medal and Diploma shall be awarded for dis- 
covery or original investigation, adding to the sum of 
human knowledge irrespective of commercial value; 
leading and practical utilization of discovery; and inven- 
tion, methods or products embodying substantial elements 
of leadership in their respective classes, or unusual skill 
or perfection in workmanship.” 


For further information address the Secretary of THE 
INSTITUTE. 
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THE FRANKLIN 


THE JOHN SCOTT LEGACY 
MEDAL AND PREMIUM 


HE City of Philadelphia holds in trust under the 
T legacy of John Scott, of Edinburgh, a sum of money 
the interest of which is to be used for the encourage- 
ment of ‘“‘ingenious men and women who make useful in- 
ventions.’’ The legacy provides for the distribution of 
a Medal, inscribed “‘To the Most Deserving,” and Money 
Premium in the sum of $20 to such persons whose inven- 
tions shall merit the same. The examination of the in- 
ventions submitted for the Medal and Premium has been 
delegated by the Board of Directors of City Trusts, 
of the City of Philadelphia, to THE FRANKLIN INSTITUTE, 
and Tue INSTITUTE, under the competent assistance of its 
Committee on Science and the Arts, undertakes to make 
investigations free of charge and to recommend for the 
award all meritorious inventions. 

Applications should be addressed to the Secretary of 
THE FRANKLIN INSTITUTE, from whom all information 
relative thereto may be obtained. 

Pursuant to the regulations for the award of the John 
Scott Legacy Medal and Premium, THE FRANKLIN 
INSTITUTE, of the State of Pennsylvania, has under 
consideration favorable reports upon the applications 
advertised in this JourNaL. Any objection to the pro- 
posed awards, based on evidence of lack of originality or 
merit of the invention, should be communicated to the 
Secretary of THE INsTITUTE within three months of the 
date of notice. 
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THE BOYDEN PREMIUM 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has 
deposited with THE FRANKLIN INSTITUTE the sum of 
one thousand dollars, to be awarded asa premium to 


“Any resident of North America who shall determine by experi- 
ment whether all rays of light,* and other physical rays, are or are 
not transmitted with the same velocity.” $2 33 $3 $3 


The following conditions have been established for the award of this Premium: 


1. Any resident of North America, or of the West India Islands, may be a competitor for 
the Premium; the southern boundary of Mexico being considered as the southern limit of 
North America. 

2. Each competitor must transmit to the Secretary of THE FRANKLIN INSTITUTE a memoir 
describing in detail the apparatus, the mode of experimenting and the results; and all memoirs 
received by him after the first day of January, one thousand nine hundred and sixteen, will, as 
soon as possible after this date, be transmitted to the Committee of Judges. 

3. The Board of Managers of THE FRANKLIN INsTiITUTE shall, before the first day of 
January, one thousand nine hundred and seventeen, select three citizens of the United States of 
competent scientific ability, to whom the memoir shall be referred; and the said Judges shall 
examine the memoirs and report to THE FRANKLIN INSTITUTE whether, in their opinion, any, 
and, if so, which of the memoirs is worthy of the Premium. And, on their report, THE FRANKLIN 
INSTITUTE shall decide whether the Premium shall be awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or sign by which it can 
be recognized and designated, and shall be accompanied by asealed envelope, endorsed on the out- 
side with some motto or sign, and containing the name and address of the author of the memoir. 
It shall be the duty of the Secretary of THE FRANKLIN INSTITUTE to keep these envelopes 
securely and unopened until the Judges shall have finished their examination; when, should the 
Judges be of opinion that any one of the memoirs is worthy of the Premium, the corresponding 
envelope shall be opened, and the name of the author communicated to THE INSTITUTE. The 
sealed envelopes accompanying unsuccessful memoirs will be destroyed unopened, in the presence 
of the Board of Managers. 

5. Should the Judges think proper, they may require the experiments described in any of 
the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of THE FRANKLIN 
INSTITUTE, and shall be published as it may direct. 

The problem has been more specifically defined by the Board of Managers, as follows:— 

** Whether or not all rays in the spectrum known at the time the offer was made, namely, 
March 23, 1859, and comprised between the lowest frequency known thermal rays in the infra- 
red, and the highest frequency known rays in the ultra-violet, which in the opinion of the 
Committee lie between the approximate frequencies of 2 x 10 double vibrations per second in 
the infra-red and 8 x 10 in the ultra-violet, travel through free space with the same velocity.’ 


*An award, made during the year 1907, covered the solution of the problem so far as the 
transmission of the visible and ultra-violet rays is concerned. It has been directed by the Board 
of Managers that the balance of the fund be retained, to be awarded to such person as shall 
demonstrate whether or not the infra-red rays are or are not transmitted with the same velocity 
as the other rays. 
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THE FRANKLIN INSTITUTE AWARDS 


JOURNAL CONTRIBUTIONS 


By a resolution of the Committee on Science and 
the Arts, made October 5, 1910, all papers published in 
the Journal of The Franklin Institute will be subject to ie 
the award of one of the following Medals— 


The Howard N. Potts j 
Gold Medal 4 


The Edward Longstreth 
Silver Medal 


The merits of the several papers appearing in the | 
Journal during any current year will be passed upon | 
by a Special Committee appointed for the purpose. 


R. B. OWENS, 
Secretary 
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Library of The Franklin Institute 


A most complete scientific and technical collection 
96,700 titles 


Electricity, chemistry, geology, mining and metallurgy, mechanics 


and engineering, physics, etc. 
Bound files of the leading technical magazines of all countries. 
Complete sets of the publications of the principal scientific societies 
of the world. 
United States and foreign patent reports. 


Translations The Library is prepared to undertake a limited 
amount of work in connection with the verification 


References Verified of references, translations and copying from Engi/ish, 


ss oe German,and French books and periodicals. A mod- 
Articles Copied erate charge will be made to cover expense. 


Inquiries relating to the Institute and applications for membership 
should be addressed to the 
13, 15, 17 


SECRETARY OF THE INSTITUTE  south’'zth’ street 


Journal of The Franklin Institute 


The Institute has for sale a limited number of copies of the 
earlier issues and is prepared to supply orders at the following 


rates : 
1824 to 1839, inclusive. ........ Prices on application 


1840 to 1859, inclusive. ........ $2.00 per number 
1860 to 1879, inclusive. ........ 1.50 per number 
1880 to 1899, inclusive. ........ 1.00 per number 
1900 to 1909, inclusive. ........ .75 per number 
.50 per number 


Prices subject to change without notice 


INDICES 
TO THE SUBJECT-MATTER AND AUTHORS 


THE FRANKLIN JOURNAL 


AND THE 


JOURNAL OF THE FRANKLIN INSTITUTE 


January, 1826, to December, 1885, Price, $5.00. 


January, 1886, to December, 1895 } 
P h. 
January, 1896, to December, 1905 | rice, $1.50 eac 


Address THE ACTUARY OF THE FRANKLIN INSTITUTE 
15 South Seventh Street PHILADELPHIA, PA. 
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THE FRANKLIN INSTITUTE SCHOOL 
OF MECHANIC ARTS 


is maintained for the purpose of furnishing an opportunity to 
Mechanics, Apprentices, and Students in Industrial works of 
spending two or more evenings in the week in learning the theory 
and principles of and best modern practice in the aliied technics. 


In each Department of the School 
Two-Year Courses are Given as follows: 


Department of Drawing: 


Department of Mathematics: 


Department of Mechanics: 


Department of 
Naval Architecture 


Mechanical, Architectural or Freehand 
and Water Color. 


Algebra, Geometry and Trigonometry. 


Applied Mechanics and Strength of 
Materials, Mechanism and Machine 
Design, Structural Design and Steam 
Generation. 

Theoretical Naval Architecture and Ship 
Design and Constructlon. 


Ninety-Third Year begins September, 1916 
Send for School Calendar. 


Graduates are eligible to membership in the Alumni with its privileges, 


For more detailed information, apply to 


The Franklin Institute School of Mechanic Arts 
15 South Seventh Street 
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The United Gas Improvement 
Company - Philadelphia, Pa. 


LESSEES, OPERATORS AND BUILDERS_OF 


GAS WORKS 


LARGEST BUILDERS IN AMERICA OF ) 


CARBURETTED WATER GAS PLANTS 


rr Sole American Builders of the 
Standard Double Superheater 
Lowe Water Gas Apparatus. 


System for Controlling Airand Gas Analysis Apparatus. 
Steam Supply to Water Gas Hygrometers. 
Apparatus. Photometrical Apparatus. 
Waste Heat Boilers for Water First Aid Kits for Gas 
Gas and Coal Gas Appa- Asphyxiation. 


ratus. First Aid Kits for Electric 
Vertical Retort System. Shocks. | 
; Tar Extractors for Carburet- First Aid General Wall 
é ted Water Gas. Cabinet. 


Your courtesy in mentioning the Journal will be appreciated 
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AN IMPORTANT NEW BOOK 


The British Coal-Tar Industry 


Its Origin, Development and Decline 
Edited by Walter M. Gardner, M.Sc., F.L.C. 
With Iltustrations; 438 Pages; Octavo; Cwoth. $3.00 Net 


The history of the Coal-Tar Industry is of great interest not only to the chemist 
and the student of industrial economics, but also to the politician, the leaders of 
industry, and even to the general reader. 

The industry has grown to be one of great profit and importance. After a period 
of prosperity in Great Britain (1856-1870) it became gradually more and more central- 
ized in Germany. The ramifications of the influence of the Coal-Tar Industry in 
Germany are indeed most astonishing, and a close investigation of the causes of their 
success will well repay those who are responsible for the future success of the industry. 
It is with the object of affording easily accessible material for such an inquiry that 
this book has been compiled. 

Among other contributors to the volume are: Prof. W. H. Perkins, F.R.S., 
~~ Sir H. E. Roscoe, R. J. Friswell, Prof. R. Meldola, Sir J. Dewar. 

M. Perkin, Sir W. A. Tilden, Prof. R. Frankland, and the Right Hon. 
a Moulton. 


J.B. LIPPINCOTT COMPANY 


NOTICE 


A limited number of copies of the following reprints from the 
Journal are still in stock: 


“The Application of Scientific Management in Railway Operation,” 
by W. E. Symons, with a full discussion by Burns, Emerson, Gilbreth, 
and others. 159 pages, illustrations, plates. Paper binding, 75 cts. 


“The Railway Tunnels of New York City,” by Alfred Noble. 
41 pages, illustrations, folding plates. Paper binding, 25 cts. 


Address orders: 


The Actuary, 
The Frankiin Institute, 
Philadelphia, Pa. 


Your courtesy in mentioning the Journal will be appreciated 
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If it isn't ELECTRIC 
It isn't MODERN 


Any Consulting Engineer who specifies 
the instaliation of a private plant before 
thoroughly investigating the economy of 
Philadelphia Electric Service is deliberately 
sacrificing his client’s interests. If you are 
designing any properties requiring Electric 
service, send for us NOW! 


THE PHILADELPHIA ELECTRIC COMPANY 
TENTH and CHESTNUT STREETS 


OMMERCIAL | 


3 

WING | 
ag : me ARCH 


FHUILADEL PHIA 


| 


CYRUS BORGNER CO COMPANY, SUCCESSORS TO 


Your courtesy tn the Journal will be appreciated 
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FIDELITY TRUST COMPANY 


Nos. 325-331 CHESTNUT ST. Nos. 43-53 SOUTH FOURTH ST. 


Capital and Surplus, $15,000,000 


Pays Interest on Deposits. Executes Trusts of Every Description. 
Safes for Rent in Burglar-proof Vaults. Securities and Valuables Taken for Safe Keeping. 
Wills Safely Kept Without Charge. 


Copies of the Journns | W. N. JENNINGS 
WANTED BUSINESS 


To complete sets of its Journal for 
binding, the Institute is in need of the 7 TOGR A Pp. Y 


following issues: 
1305 ARCH ST. PHILA. 


April, 1876 
April, 1879 
January, 1887 
July, 1891 BANCROFT & BROTHER 
ESTABLISHED 1856 
Any one having copies of any of the | INSURANCE IN ALL ITS BRANCHES 
above numbers is requested to confer = 4, Building, Philadelphia 


with the Secretary of the Institute. 


High and Low Pressure 


STEAM FITTING 
wii 
John Borden and Bro. 


FORREST BUILDING 637 North 19th Street 
PHILADELPHIA 


| SAMUEL P. SADTLER & SON 
Riehle Bros. Testing Machine Co. ot 


. | industrial and applied chemistry. Expert assist- 

Engineers, Founders, Machinists | ance in the dovengment of Seninel processes 

1424 N. 9th St., Philadelphia, Pa. | and patents, and preparation of testimony in 

,. | Chemical patent suits. Raw materials and waste 

Telephone Connection. Cable, “Riehle.”” | products of manufacturing processes specially 

the Latest Improve nite tates Standar . 

Testing Machinery and Appliances of all varieties Office and Laboratory—210 S. 13th St., Phila. 
—— Experimental Shop—Chestnut Hill, Pa. 


Your courtesy in mentioning the Journal will be appreciated 
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“NICE 


PAINTS, VARNISHES, FILLERS 


For Every Purpose 


EUGENE E. NICE, Mfr. 
272-274 South Second Street 


Philadelphia 


QUALITY 
DELIVERY 


AND A 


FAIR PRICE 


The Constituents 
of Good Printing 


All to be had for the asking 


Bradley Printing Co. 


Printers— Engravers 
Blank Book Makers 


1214 Sansom Street, Phila. 


Procured for In- 
and de- 


‘PATENT jo and de 


marks Registered, Patent an, xaminations 


| Searches, etc. Call or send for Book of Instructions. 


WIEDERSHEIM & FAIRBANKS 


ag A. Wiedersheim DeLong Buildin 
m. Caner Wiederseim 1232 Chestnut St 
H. Hayward Fairbanks Philadelphia 


EVERYTHING IN THE 
Draughting and 
Engineering Line 
Black-Line Print Papers 


F. WEBER & CO. 
1125 Chestnut Street 


Bevel Gear Generators 
BEVEL GEARS 
Cut Theoretically Correct 


Special Facilities for Cutting Worm, Spira 
Mitre, Internal and Elliptical Gear Wheels 


THE BILGRAM 
MACHINE WORKS 


1229 Spring Garden St., 
Phila., Pa. 


ALUMNI 
THE FRANKLIN INSTITUTE 


President...... Percy STOKES 
Vice-President.. Frank H. Loss 
Secretary ...... ALFRED RIGLING 
Treasurer ...... GeorGE S. CULLEN 


The Association was organized in 1908, and 
has for its object the promotion of the inter- 
ests of the Institute, its school and the alumni 

Every graduate of the Institute’s School 
and every student having completed two or 
more terms of the school course may become 
a mem 

Regular meetings of the Association are 
held in May and ober. 

Members have the privilege of attending 
the Institute lectures. 


Charles W. Messner 
3704 N. Broad Street Philadelphia 
Electrical Contractor 


Both Phones 


Philadelphia Book Co. 


ENGINEERING AND 
TECHNICAL BOOKS 
17 SOUTH NINTH STREET 


Bell Telephone - - - - - Walnut 1002 


Your courtesy in mentioning the Journal will be appreciated 
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New Fourth Edition Revised and Enlarged 


Suplee’s 
Mechanical Engineer’s 
Reference Book 


A Hand-book of Tables, Formulas, and Methods for 
Engineers, Students and Draftsmen 


By Henry Harrison Suplee, B.Sc., M.E. 


Member American Society of Mechanical Engineers ; Membre de la Socizté Des Ingenieurs 
Civils de France ; Mitglied des Vereines Deutscher Ingenieure 


Illustrated. 964 pages. 16mo. Full limp leather, round corners, 
gilt edges, thumb index. $5.00 net 


HIS book is intended to form a standard hand-book 
for the mechanical engineer and the designer of 
machinery, supplying in convenient form the gen- 

eral information which is constantly required. In the 
new fourth edition the few errors in the previous edition 
have been corrected and an Appendix of forty pages 
added, containing a variety of useful information. 

Several features make this the one up-to-date complete 
accurate work for mechanical engineers,—more space has 
been devoted to Mathematics than in any other similar 
reference book in English,—the subject of machine design 
is very amply treated,—the arrangement of the matter is 
unexcelled, and fully illustrated, which together with the 
complete thumb index, makes it just the book for quick 


reference. 
Send for Bulletin of New Scientific Books 


J. B. LIPPINCOTT COMPANY 


Publishers Philadelphia 


Your courtesy in mentioning the Journal will be appreciated 
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pulleys— | 
in diameter | 
at centres | 
aod ad- 
thousands 
over. 200 | 


of an meroplane 

paises the heavy ~.. 
machine against 
gravity: 


You cam,tell these “ aeroplane pulleys quite easily by standing 
near them. “The bresse gives them away. 
Stand tiader.an AMERICAN—or have you ever tried? You | 
didn’t feel any breeze then. 
pulleys agvounts for: so much of the reduced. power waste, 80 
noticeable right after & shop has been re-equipped with 
AMERICAN STEEL SPLIT PULLEYS: 
The armsof AMERICANS cut the air. 
Consider this feature in its relation to power consumption when 
you neéd pulleys again. 


AMERICAN POLLEY COMPANY 


planes = 
ine depends on the beating 
Bear in mind that themes : 
of the ait raising an aeroplane is very great. 
The enetgy required + the air so hard that one-would*think- _ 
Still some belt pulleys beat the .. 


